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MTTTHOn OF SYNIHESTTTNG DIVEE5 P rOLLECTIONS OF OLIGOMERS 

FIELD OF THE INVENTION 
The present invention relates generally to stochastic methods for 
synthesizing random oligomers, with particular emphasis on partide-based synthesis 
methods. The invention also relates to the use of identification tags on the particles 
to facilitate identification of the oUgomer sequence synthesized. Yet another aspect of 
the invention relates to the use of tagged oUgomer libraries in receptor-binding 
studies. 



BACKGROUND OF THE INVENTION 
The relationship between structure and activity of molecules is a 
fundamental issue in the smdy of biological systems. Structure-activity relationships 
are important in understanding, for example, the function of enzymes, the ways in 

1 5 which cells communicate with each otiier, and cellular control and feedback systems. 

Certain maaomolecules are known to interact and bind to other molecules having a 
very specific three-dimensional spatial and elertronic distribution. Any large 
molecule having such specificity can be considered a receptor, whether the molecule 
is an enzyme catalyzing hydrolysis of a metabolic intermediate, a cell-surface protein 
20 mediating membrane transport of ions, a glycoprotein serving to identify a particular 
cell to its neighbors, an IgG-dass antibody circulating in the plasma, an 
oUgonudeotide sequence of DNA in tiie genome, or the like. The various molecules 
that receptors sdectivdy bind are known as ligands. 

Many assays are available for measuring the binding affinity of known 

2 5 receptors and ligands, but tite information tiiat can be gained from such experiments 

is often limited by ti\e number and type of available ligands. Novd ligands are 
sometimes discovered by chance or by appUcation of new techniques for the 
duddation of molecular stinichire, induding x-ray crystallographic analysis and 
recombinant genetic techniques for proteins. 

* 4 ^ peptides are an exemplary system for exploring tiie relationship 

*'Stween"stinchire and hmction in biology. A peptide is a polymer composed of 
amino add monomers. When tiie twenty nahirally occurring amino adds are 
condensed into polymeric molecules, tiie resulting polymers form a wide variety of 
ti\ree-dimensional configurations, each resulting from a particular amino add 

3 5 sequence and solvent condition. The number of possible pentapeptides of the 20 
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nan^ally ocomtag a»tao adds, for example, is 205 or 3^ nuBion dtftoent pepSd« 
The likdihood thai molecules o£ flus size might be useful in receptor-bmdmg stud.es 
is supported by epitope analysis studies showing that some antibodies recognize 
sequLces as short as a few amino adds with high spedfidty. Fuithennore, fte 
5 average molecular weight of amino adds puts smaU peptides in the size range or 

many currently useful pharmaceutical products. Of course, larger peptides may be 
necessary for many purposes, and polypepttdes having changes in only a smaU 
number of residues may also be useful for sudx purposes as the analysis of structure 

activity relationships. 
1 0 Pharmaceutical drug discovery is one type of research that rehes on 

studies of structureactivity relationships. In most cases, contemporary 
pharmaceutical research can be described as the process of discovering novel hgands 
with desirable patterns of spedfidty for biologically important receptors. Another 
example is research to discover new compounds for use in agriculture, such as 

15 pesticides and herbicides. 

Prior methods of preparing large numbers of different oUgomers have 

been painstakin^y slow when used at a scale suffident to f^\f^;'\'""f:^' 
random screening. For example, the •Me.rifleld" method (Memfldd, Lto^ 
Soc 852149-2154 (1963), whidi is incorporated herein by reference) has been used 
20 ;^^;i«size peptides on a soUd support In the Menifield method, an ammo aad « 
ITentiy bonded*, a support made of an insoluble polymer. Another ammo aad 
wiflv an alpha protected group is reacted with the covalendy bonded «° 
form a dipeptide The protective group is removed, and a Burd ammo aad wi* an 
alpha protective group is added to the dipeptide This process is continued unti^a 

2 5 peptide of a desired length and sequence is obtained. Using the Memfleld mett«Kj, 

one cannot economicaUy and practically synttvesize more than a few peptide 

sequences in a day. 

To synthesize larger numbers of oUgomer sequences, others have 
proposed the use of a series of reaction vessels for oUgomer synthesis. For^ple, a 

3 0 ^ular reactor system may be used to synthesize a linear oUgomer on a sohd phase 

supijSrt by automated sequential addition of reagents. This method still does not 
enable the syn&esis of a sufficiently large number of oUgomer sequences for effective 

economical screening. 

Methods of preparing a pluraUty of oUgomer sequences are also known 
3 5 in which a foraminous container encloses a known quantity of reactive sohd 
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supports, the solid supports being larger in size than openings of the container. See 
U.S. Patent No. 4,631,211, incorporated herein by reference. The containers may be 
selectively reacted with desired materials to synthesize desired sequences of product 
molecules. As with other methods known in the art, this method cannot practically 
5 be used to synthesize a sufficient variety of polypeptides for effective screening. 

Other techniques have also been described. One bead-based method is 
described in PCT patent pubUcation No. 92/00091, incorporated herein by reference. 
These methods include the synthesis of peptides on 96 plastic pins tiiat fit tiie format 
of standard miaotiter plates. See PCT patent pubUcations 84/03564; 86/00991; and 
10 86/06487, each of which is incorporated herein by reference. Unfortunately, while 
tiiese techniques have been somewhat useful, substantial problems remain. For 
example, these methods continue to be limited in tiie diversity of sequences which 
can be economically synthesized and screened. 

Others have developed recombinant methods for preparing collections 

1 5 of oUgomers. See PCT patent pubUcation Nos. 91/17271 and 91 /19818, each of which is 

incorporated herein by reference. In anotiier important development, scientists 
combined the techniques of photoUthography, chemistry, and biology to create large 
coUections of oUgomers and otiier compounds on tiie surface of a substrate. See VS. 
Patent No. 5,143,854 and PCT patent pubUcation Nos. 90/15070 and 92/10092, each of 

2 0 which is incorporated herin by reference. 

In the recombinant and VLSIPS™ combinatorial methods, one can 
uniquely identify each oUgomer in tiie Ubrary by determining the coding sequences in 
tiie recombinant organism or phage or by tiie location of tiie oUgomer on tiie 
VLSIPS™ chip. In otiier metiiods, however, the identity of a particular oUgomer may 
25 be difficult to ascertain. What is needed in tiiese latter metiiods is an efficient and 

simple-to-use metiiod for tagging each particle. Altiiough tagging metiiods have been 
developed for large objects, see PCT patent pubUcation Nos. 90/14441 and 87/06383, 
each of which is incorporated herein by reference, such metiiods are stiU needed for 
combinatorial Ubraries of oligomers. 

3 0 From the above, one can recognize tiiat improved metiiods and 

apparatus for syntiiesizing a diverse coUection of chemical sequences would be 
beneficial. 



35 



SUMMARY OF THE INVENTION 
The present invention provides a general stochastic method for 
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synthesizing Ubmies of random oUgomers. live random oUgome-s are synth«^ 
r*Ud suppor.3. or particles, but may be deaved from *ese supports » I^v,de a 
soluble Ubrary. The oUgomers are composed of a sequence of monomjs, the 
:^mers Sng any member of the set of molecule that ^^^^ 
5 form an oligomer or polymer, amino adds, carbamates, sulftm«,s,ifo=a^^^ 

n^sides carbohyLtes, ureas, phosphona.es, Upids, esters, combmabons of fte 
s^^r;e like The Ubrary is then saeened to isoUte individual oUgomers ftat 
bM to a receptor or possess some desired property. Each oUgom^ sequence m the 
uCl^is unique, in a preferred embodiment to another preferred embodunent,*e 

1 0 Support ar; nonpLous beads. Tl« soUd supports may be composed of a smgle 
nartide. or two or more linked partides. -j^^rifi^,- 
A further embodiment of the invention relates to the use of an .d««bfier 
tag to identify the sequen« of monomers in the oUgomer. The identifier ^S,-'^ 
attX. directly to the oU^mer «ith or without an *° 

1 5 a uLr attached to the oUgomer, to the soUd support upon whKh '^^^^ 

synthesized, or to a second particle attached to the ''^S'^:^^^^'^^^ 
^ recognizable feature that in some way carries the reqmred mformation. and that is 

joined to the oUgomers and the identifier tag by means of one or more Unker 
20 molecules. ^ ^ ^.e identifier tag wOl be an oUgonudeotide 

preferably compoL of pyrimidines or pyrimidines and purine analogs or any type of 
'^^i that'L not'^de under the oupUng conditions us^ to a^^ble the 
oUEomer Ubrary. The oUgonudeottde identifier tag may conlam a 5 and a 3 
25 aS^tionX to aUow ampUflcation of the tag by. for example the ,».^erase 
chl reaction (see U.S. Patent Nos. 4.683,202; and 4^65,188, ead. of whr* . 
mcorporated herein by reference). A DNA sequendng primer s.te. wh.d. may be 
spedfic for each step of the OUgomer synthesis, may also be mdudedm fte 

o^udeotide tag in addition to the ampUfication pnmer sites. The tag may be 
30 deigned to indude, in the oUgonudeotlde sequence, information allowing 

Scation of the monomer assodated with the addition of the particular ^g. The 
oUgonudeotide tag wiU be about 50 to 100 nudeotides in length, m a preferred 

embodiment^ ^diment. the identifier tag may be composed of 

35 a set of Ught-addressable compounds, sudi as fluorescent or phosphorescent 
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compounds that can be photobleached, which compounds are incorporated into the 
beads or particles on which the oligomers of the oligomer library are synthesized. 
Such compounds are widely known in the art. 

5 BRIEF DESCRIPTION OF THE HGURES 

Fig. 1 is a schematic representation of combiixatorial oligomer synthesis 

on particles. 

Fig. 2 is a schematic representation of concurrent combinatorial oligomer 

synthesis and particle tagging. 

•] 0 Fig. 3 describes one method of bead functionalization, the compatible 

chemistries for peptide synthesis and round by round attachment of oligonucleotide 
identifier tags, including synthesis of amino-functiorudized beads, the structure of 
protected 5' maleimidyl oligonucleotides, amino add coupling and introduction of a 
thiol "handle," step-spedfic oligonucleotide attachment to a bead, subsequent amino 

1 5 add coupling(s) and oligonudeotide attachment(s), and peptide and oligonudeotide 
deprotectioiL 

Fig. 4 is a schematic representation of one example of an oligonudeotide 

tag. 

Fig. 5 illustrates nudeoside phosphoramidites derivatized with 
2 0 photolabile protecting groups for parallel peptide /oligonudeotide synthesis. 

Fig. 6 illustrates 5'-DMT-3'-(0-allyl N,N'-diisopropyl phosphoramidite) 
nudeoside derivatives for parallel peptide /oligonudeotide synthesis. 

Fig. 7 illustrates tiie preparation of a bifunctional bead material for 
parallel synthesis of peptides and oligonudeotides. 

2 5 Fig. 8 illustrates the parallel assembly of oligonudeotide-tagged peptides 

on beads. 

Fig. 9 shows a schematic representation of the experiment described in 
Example 5, in which two populations of oligomers on beads are prepared, tagged, 
mixed, sorted, and identified by die method of the present invention. 

3 0 Fig. 10 shows resolution of the two populations of beads by FACS in the 

experiment described in Example 5. Values along the horizontal axis indicate 
relative fluorescence (log scale). Values along the vertical axis indicate relative 
numbers of beads. Non-fluorescentiy labeled beads are represented by peak A. 
Flourescentiy labded beads are represented by peak B. The ratio of the larger peak to 
35 the smaller peak is 15:1. 
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Fig. 11 shows pictures of ethidium bromide stained, UV irradiated 
agarose gels of PGR products obtained by amplification after FACS of two bead 
populations and amplification of the tags on the sorted beads, with controls, as 

. ....described in Example 5.: Gel^ A shows the results with sorted fluorescent beads: lane 
r 1- 2.4x106 copies (100 bead 

single fluorescent beads; lanes 8-10 - PGR product from ten fluorescent beads; lanes 
11-13 - PGR product from one hundred fluorescent beads; and lane 14 - 1.2x10 
copies (100 bead equivalents) of 110 mer tag. Gel B shows the result with sorted non- 
fluorescent beads: lanel- 1.2xl06 copies of 110 mer tag; lanes 2-7 -PGR product 

10 from single non-fluorescent beads; lanes 8-10 -PGR product from ten non- 

fluorescent beads; lanes 11-13 - PGR product from one hundred non-fluorescent 
beads; and lane 14 - 2.4xl06 copies of 95 mer tag. Gel C shows the results with the 
control reactions: lanes 1,12 - DNA size standards; lanes 2, 3 - no tag confrol 
reactions; lanes 4, 5 - 1 bead equivalent of soluble 95 mer tag; lanes 6, 7 - 10 bead 

1 5 equivalents of soluble 95 mer tag; lanes 8, 9 - 1 bead equivalent of soluble 110 mer 
tag; and lanes 10, 11 - 10 bead equivalents of soluble 110 mer tag. 

DESCRIPnON OF TEiE SPEGIHG EMBODIMENTS 
The present invention provides novel methods and instruments for 
20 producing large synthetic oligomer libraries. In a preferred embodiment of the 

present invention, each member of such a library is uniquely labeled in a mam^ that 
specifies the identity of the sequence of the oligomer corresponding to that member. 
Methods for screening .nich libraries and reagents useful for produdng the hbranes 
are also provided. 



25 



Qlossary 



The following terms are intended to have the foUowing general 



meanings as they are used herein: 

r»^ plpmpntarv o> ^"^-r-*^''"V '-nrnplpmentarv: These terms refer to 

3 0 base pairing between nucleotides or nucleic adds, such as, for instance, between the 
two strands of a double sttanded DNA molecule or between an oUgonudeotide 
primer and a primer binding site on a single stranded nudeic add to be sequenced or 
amplified. "Gomplementary" nudeotides are, generaUy, A and T (or A and U), and C 
and G, as is weU known to those of skill in the art. Two single stranded KNA or DNA 

3 5 molecules are said to be "substantiaUy complementary" when the nudeotides of one 
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strand, optimally aligned, pair with at least about 80% or more of the nucleotides of 
, the other strand. 

Alternatively, substantial complementarity exists when an liNA or DNA 
strarid will hybridize imder selective hybridization conditions to a comple ma r^inr 
5 nucleic acid. Typically, selective hybridization will occur when there is at least about 
55% complementarity over a stretch of at least 14 to 25 nucleotides, but more selective 
hybridization will occur as complementarity increases to 65%, 75%, 90%, and 100%. 
See Kanehisa, NTudeic Adds Res. 12:203 (1984), incorporated herein by reference. 
Stringent hybridization conditions will typically include salt 
1 0 concentrations of less than about 1 M, such as less than 500 mM, and will often 

indude salt concentrations of less than 200 mM. The hybridization temperatture for 
oligomers will typically be greater than 22°C, such as greater than about 30^, arui will . 
often be in excess of about 37°C. Longer fragments may require higher hybridization 
temperatures for specific hybridization. As other factors may dramatically affect the 
1 5 stringency of hybridization (such factors indude base composition, length of the 
complementary strands, presence of organic solvents, and extent of base 
mismatching), the combination of factors is more important than the absolute 
measure of any one factor alone. 

Epitope: The portion of an antigen molecule delineated by the area of 
20 interaction with the subclass of receptors known as antibodies is an "epitope." 

Identifier tag : An "identifier tag" is a physical attribute tiiat provides a 
means whereby one can identify which monomer reactions an individual solid 
support has experienced in the syntiiesis of an oligomer. The identifier tag also 
records the step in the synthesis series in which the solid support visited that 
25 monomer reaction. The identifier tag may be any recognizable feature, induding for 
example: a microscopically distinguishable shape, size, color, optical density, etc.; a 
differential absorbance or emission of light; chemically reactivity; magnetic or 
electronic encoded information; or any other distinctive mark with the required 
information, and dedpherable at the level of one (or a few) solid support(s). A 

* 30 preferred example of such an identifier tag is an oligonucleotide sequence. An 

"identifier tag" can be coupled directiy to the oligomer synthesized, whether or not a 

* solid support is used in ti\e synthesis. In tiiis latter embodiment, the identifier tag 
serves as the "support" for oligomer synthesis. 

Ligand: A "ligand" is a molecule that is recognized by a particular 
3 5 receptor. The agent bound by or reacting with a receptor is called a "ligand", a term 
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„Mch is deftai tionaUy — gM only in of ""^"^^Zl^ 
term Tigand" does not imply any particulai mokcutar size or other ^a-^*"^ " 
^Lnal feature other tiian that the substance in question is capable of bm<tag 

veno.ns, viral epitopes, hom«,nes, sugars, cofac^rs, peptuies, enzyme substrates, 

can be ioined^^*> form an oligomer or polymer. The set of — 
Ttl^p^ indention includes, but is not resbicted to, for the exam^of ^de^ 
^liis the set of L-amino adds. Domino adds, or synthebc ammo aads. AS used 

^"m^ ref^ to any member of a basis set for synthesis of an c^gomer. 

, 5 F^^Lm^Ie, dimers of L-amino adds form a basis set of 400 ^^^^ 
^nthesis of polypeptides. Different basis sets of monomers may be used at success»e 

^'""^^^^S: The-oUgomer-or-polymer-sequen^softhe 

p^t inveS'ir^;^ " ^^--^-^r j^-^ 

20 L-units. Sud.o.igome.s.ndude,forexample,bothln«ar,<^cU^^b 

polymers of nuddc adds, polysacdurides, phospholrpuis, ^^"^^ " 
Lha- beta-, or omega-amino adds, heteropolymets, polyurethanes, polye^, 
S^car^^s, polyLas, polyamides, polyethyleneinOnes, ^"^^^^^^ 
LlvsUoxanes, polyimides, polyacetates, or other polymer, as «nU be readily apparen 

OK nno skilled in the art upon review of ttus disdosure. 

25 to one ^^-^^ ^ ? ^ ^ ^^^^ ^ ^ „„>™,mers are ^dpl. 

amino adds Joined toB^ther through amide bonds. Altei^Uvely, a W-^e can be 
referred to as a "polypeptide." In the context of this 

appredate that the amino adds maybe .he L<.pttca^ or ^J^'^'^^ 
qn P^tides are mote than two amino add monomers long, but more often ate mote 
ZZToZ. add monomers long and can be even longer *an 2 ammo aods. 
alftough peptides longer than 20 amino adds are more hkely to be caUed 
^y^JZ.- Standard single letter abbreviadons for "^^^ ' 

for p»lLe). These abbreviations are induded in Stryer, Bipd«mifltt Ed. 
3 5 (1988), whidi is incotp rated herein by reference. 



wo 93/06121 

i 



PCT/US92/07815 



9 

Oli gonucleotides : An "oUgonudeotide" is a single-stranded DNA or 
RNA molecule, typically prepared by synthetic means. Those oligonucleotides 
employed in the present invention will usually be 50 to 150 nucleotides in length, 
preferably from 80 to 120 nucleotides, although oligonucleotides of different length 
5 may be appropriate in some circumstances. For instance, in one embodiment of the 

" ' '^^^^^ the oligonucleotide tag and the polymer identified by that tag are 

syntiiesized in paraUel. In this embodiment, the oligonucleotide tag can be built 
nudeotide-by-nucleotide in coordination with tiie monomer-by-monomer addition 
steps used to synthesize ti\e oUgomer. In addition, very short, i.e., 2 to 10 nudeotides, 

1 0 oligonudeotides may be used to extend an existing oUgonudeotide tag to identify a 
monomer coupling step. Suitable oligonudeotides may be prepared by the 
phosphoramidite method described by Beaucage and Carruthers, lefc. Lett- 22:1859- 
1862 (1981), or by the triester method, according to Matteucd gtal., I^^^BLXlliaL-SQ£i 
12^:3185 (1981), botii incorporated herein by reference, or by otiier methods such as by 

1 5 using commerdal automated oUgonudeotide synthesizers. 

Operablv linked : A nudeic add is "operably Unked" when placed into a 
fimctional relationship with another nudeic add sequence. For instance, a promoter 
or enhancer is "operably Unked" to a coding sequence if the promoter causes the 
transcription of the sequence. GeneraUy, operably Unked means that the DNA 

2 0 sequences being Unked are contiguous and, where necessary to join two protein 

coding regions, contiguous and in reading frame. 

Receptor: A "receptor" is a molecule that has an affinity for a given 

Ugand. Receptors may be nahiraUy-occurring or manmade molecules. Also, receptors 
can be employed in ti\eir unaltered nahiral or isolated state or as aggregates witii otiier 

2 5 species. Receptors may be attached, covalentiy or noncovalentiy, to a binding 

member, either directiy or via a specific binding substance. Examples of receptors that 
can be employed in the metiiod of tiie present invention indude, but are not 
restricted to, antibodies, ceU membrane receptors, monodonal antibodies, antisera 
reactive with specific antigeiuc determinants (such as on viruses, cells, or other 

3 0 materials), polynudeotides, nudeic adds, lectins, polysaccharides, ceUs, ceUular 

membranes, and organeUes. Receptors are sometimes referred to in tiie art as "anti- 
Ugands." As tiie term "receptor" is used herein, no difference in meaning is intended. 
A "Ugarwl-receptor pair" is formed when two macromolecules have combined 
through molecular recognition to form a complex. 
3 5 other examples of receptors that can be investigated by this invention 
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include, but are not restricted to: 

lA;^.^r.y.r ^i^rr, TPgeptors: Determination of Ugands that bind to 
microorganism receptors, such as specific transport proteins or enzymes essential to 
survival of microorganisms, is useful in discovering new classes or types of 
5 antibiotics. Of partioiiar value would be antibiotics against opportuiustic f^^ 
protozoa, and those bacteria resistant to the antibiotics in current use. 

inzjsies: For instance, the binding site of any enzyme, such as the 
enzymes responsible for cleaving neurotransmitters, is a receptor. Determination of 
Ugands that bind to certain enzymes, and thus modulate the action of the enzymes 

0 that cleave the different neurotransmitters, is useful in the development of drugs that 
can be used in the treatment of disorders of neurotransmission. 

^jtafeQdig&: For instance, the invention may be useful in investigatmg 
the Ugand-binding site on an antibody molecule that combines with ttie epitope of an 
antigen of interest. Determining a sequence that mimics an antigenic epitope may 
1 5 lead to the development of vaccines or lead to the development of related diagnostic 
agents or compounds useful in therapeutic treatments such as for autoimmune 
diseases (e.g., by blocking the binding of ttie "self antibodies). 

MnrlPTc Adds: Hie invention may be useful in investigating sequences 
of nucleic adds acting as binding sites for ceUular protdns ("ttans-acting factors"). 
20 Sudi sequences may indude, e.g., enhancers or promoter sequences. 

r-ofai ytirPnlvpeptides : Polymers, preferably polypeptides, which are 
capable of promoting a diemical reaction involving the conversion of one or more 
reactants to one or more products are "catalytic polypeptides." Sudi polypeptides 
generally indude a binding site spedfic for at least one reactant or reaction 
25 intermediate and an active functionality proximate to the binding site, whidi 
functionality is capable of diemically modifying the bound reactant Catalytic 
polypeptides are described in, Lemer et al., Sagase 252: 659 (1991), whidi is 

incorporated herein by reference. 

«»r. ^nnp rpceptors: For instance, "hormone receptors" indude tiie 

30 receptors for insulin and growtii hormone. Determination of the Ugands whidv bind 
with high affinity to a hormone receptor is useful in tiie development of, for example, 
an oral replacement of tiie daUy injections whidi diabetics must take to reUeve tiie 
symptoms of diabetes, and in tiie tiier case, a replacement for human growtii 
hormone, whidi can only be obtained from cadavers or by recombinant DNA 

35 tedmology. Ottier examples indude tiie vasoconstrictive hormone receptors; 
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detennination of ligands that bind to those receptors may lead to the development of 
drugs to control blood pressure. 

Opiate receptors : Determiiwtion of ligands that bind to the opiate 
receptors in the brain is useful in the development of less-addictive replacements 
. 5 for morphine and related drugs. 

<^iihstrate or SoUd Supp ort A "substrate or solid support" is a material 
havmg a rigid or semi-rigid surface. Such materials will preferably take the form of 
small beads, pellets, disks, or other convenient forms, although other forms may be 
used. In some embodiments, at least one surface of the substrate will be substantially 

1 0 flat. A roughly spherical shape is preferred. 

Synthetic : A compoimd is "synthetic" when produced by ia 30*12 
, chemical or enzymatic synthesis. The synthetic libraries of the present invention may 
be contrasted with those in viral or plasmid vectors, for instance, which may be 
propagated in bacterial, yeast, or other living hosts. 

15 

L Method for Producing La rge Synthetic Oligomer Libraries 

A general method of random oligomer synthesis is provided by the 
present inventiorv The method can be used to produce the enormous numbers of 
compounds available with recombiiumt systems and to utilize the monomer set 
20 diversity available with chemical synthesis methods. By means of the present 
metiiod, one can readily produce up to 1012 different oligomers, a dramatic 
improvement over previous methods. The invention also provides a facile means of 
oligomer identification. 

The general method comprises producing a large, highly diverse 

2 5 collection or library, each member of such a library comprising a single oligomer 

sequence (e.g., a peptide). The sequence may be soluble or may be bound to a solid 
support. When bovmd to a solid support, the oligomer is usually attached by means of 
a linker. The linker, prior to attachment, has an appropriate functional group at each 
end, one group appropriate for attachment to the support and the other group 

3 0 appropriate for attachment to the oligomer. Such a collection may contain, for 

example, all combinations of n monomers assembled into X length oligomers 
yielding, nX different compounds. The collection may also contain oligomers having 
different monomer units at, for example, only one or a small number of positions, 
while having an identical sequence at all otiier positions. The general method 
35 tj^ically involves synthesizing the oligomers in a random combinatorial 
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rstochasUO fashion by chamcal and/ot enzymatic assembly o{ monomer units 
( stochasnc ) ^ y ^ ^ ^ syn*es.zmg on each of 

a pluraUly of soUd supports a single oU^mer sequence, the oligom^ ^'^^^ 
d^erent for difierent soUd supports. 11« oUgomer sequence -^V^'^^^ 

5 process comprising the steps of: (a) apportioning the supports m a stochastic mam^ 
^a plLity of reaction vessels; (b) exposing the supports in each reaction vessel 
rrSst monoml; (c) pooling the supports; (d) apportioning the suppor^ m a 
stochastic manner among the pluraUty of reaction vessels; (e) exp<»mg the suppo^ m 
^^ction vessel to a second mo«,mer; and (f) repeating steps (a) tt<»u^^^» 

0 "tast one .0 twenty times. Typically, substantiaUy equal numbers ^^-^^ 
„iU be apportioned to each reaction vessel In one ^'^'f"- °' 
monome« are chosen from the set of amino adds, and the resulting oUgomer is a 

As a specific example of the method, one may consider the synttois of 
5 peptides three residues in length, assembled from a monomer set of *«edm 
m^omers:A,B,andC Thefirst monomer is coupled » tt»e^«en^^q-^ 
beads each different monomer in a different aUquot, and the beads fram aU the 
^^te then pooled (see Hg. 1). The pool now «,n.ains approximately 
of three Lerent types soUd supports, with each type characjer.^ 
20 ZLer in the first residue position. The pool is mixed and redistnbuted to the 

"monomer reaction tubes or vessels containing A, B, or C as the monomer. 
^ tn::!^g"I«actio«, eachti.be now hasbeads with threedifierent 

monomers in position one and the monomer contiuned in ea<* V'f^^'^ 

25 reaction hie in position 2. AU reactions are pooled agam, producmg a n^ of 
beads each bearing one of the nine possible dimers. The pool is agam distiibuted 
aX^three rLction vessels, coupled, and pooled. This process of sequenti^ 
^ a™, mixing yields beads that have passed through aU the P<-'^ 
naftwavs and ttve collection of beads displays all Irimers of three ammo aads (33 - 

30 ^ Z ^complete set of the truners of A, B, and C is constructed. As can be really 
^pr^ted, the L of a sufficiently large number of synthesis beads helps to ensure 
S^rlet completely represents the various combinations of monomers employed 
in this random, combinatorial synthesis scheme. 

This method of assembUng oUgomers from many types of monomers 

35 requires using the appropriate coupling chemistry for a given set of monomer umts 
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or building blocks. Any set of building blocks that can be attached to one another in a 
step-by-step fashion can serve as the monomer set. The attachment may be mediated 
by chemical, enzymatic, or other means, or by a combination of any of these means. 
The resulting oligomers can be linear, cyclic, branched, or assume various other 
5 conformations as will be apparent to those skilled in the art.^ Techniques for solid 
state synthesis of polypeptides are described, for example, in Merrifieid, siipia. Peptide 
coupling chemistry is also described in The Peptides. Vol 1 (eds. Gross, E., and J. 
Meienhofer, Academic Press, Orlando (1979)), which is incorporated herein by 
reference. 

1 0 To synthesize the oligomers, a collection of a large number of the solid 

supports is apportioned among a number of reaction vessels. In each reaction, a 
different monomer is coupled to the growing oligomer chain. The monomers may be 
of any type that can be appropriately activated for chemical coupling or accepted for 
enzymatic coupling. Because the reactions may be contained in separate reaction 

1 5 vessels, even monomers with different coupling chemistries can be used to assemble 
the oligomers (see The Peptides, supra) . The coupling time for some of the moiuamer 
sets may be long. For this reason, the preferred arrangement is one in which the 
monomer reactions are carried out in parallel After each coupling step, the solid 
supports on which are synthesized the oligomers of the library are pooled and mixed 

20 prior to re-allocation to the individual vessels for the next coupling step. This 
shuffling process produces solid supports with many oligomer sequence 
combinations. If each synthesis step has high coupling effidehcy, then substantially 
all the oligomers on a single solid support have the same sequence. That sequence is 
determined by the synthesis pathway (type and sequence of monomer reactions) for 

2 5 any given solid support at the end of the synthesis. The maximum length of the 

oligomers is typically less than about 20, usually from 3 to 8 residues in length, but in 
some cases a length of 10 to 12 residues is preferred. Protective groups known to those 
skilled in the art may be used to prevent spurious coupling (see Thg Peptides, Vol. 3 
(eds. Gross, E, and J. Meienhofer, Academic Press, Orlaiulo (1981), which is 

3 0 incorporated herein by reference). 

Modificatior^ of this completely random approach are also possible. For 
example, the monomer set may be expanded or contracted horn step to step; or the 
monomer set could be changed completely for the next step (e.g., amino acids in one 
step, nucleosides in another step, carbohydrates in another step), if the coupling 
3 5 chemistry were avaUable (see Gait, Oligonudeot iHp Synthesis: A Practical Approach, 
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WL Press, Oxford (1984); Frieseiv »d Darushefeky, I Amer. ^^em. S°c 111:6656 Om 
and Faulsen. Vr"' r..,n TnM^d. End. 25:212 (1986), aU of which are mcorporattd 
herem by referaice). A monomer uidt for peptide synthesis, for example, may 
indudedr^le amino adds or larger peptide «mts, or both. 
5 severalpoIofvariomsequencesonsoUdsupportstobedisBbatedamong.i^ 
^m^setsat^rtainstepsofthesynausis. By this approach, one can also budd 
oUgomers of different lengths with eifter reUted or unrelated sequences, and one «n 
fix certain monomer residues at some positions while varying the other res.dues, to 
construct oUgomer frameworks whadn certain residues or regions are altered to 

1 0 provide diversity. • c a,^ 

The chemical or enzymatic synthesis of the ohgomer hbranes of the 
present invention typicaUy takes place on soUd supports. Tlie term>o^.supp9rf4,as . 
Led herein embraces a partide with appropriate sites for oUgomer synthesis and, m 
some embodiments, tag attadunent and/or synthesis. Ihere are v^ous sohd 

1 5 supports useful in preparation of the synthetic oUgomer Ubraries of the present 
invention. SoUd supports are commonly used for soUd phase synthesis of, for 
example, peptides and nudeic adds and other oUgomers as enumerated above, and 
thus are weU known to those skilled in the art. 

^ith enough soUd supports and effident coupUng, one can generate 

20 complete sets of certain OUgomers, if desired, m general, the soUd support size is m 
the range of 1 nm to 100 jmi, but a more massive soUd support of up to 1 mm m size 
may be used. Hie appropriate size of the soUd support depends on (1) the number of 
OUgomer synthesis sites and identifier tag attadmient sites desired; (2) the number of 
different compounds to be synthesized (and the number of soUd supports beanng eadi 

25 oUgomer that are needed for screening); and (3) the effed of the size of the sohd 
supports on the spedfic screening strategies [e.g., fluorescence-adivated ceU sorters 

(FACS)]tobeused. 

As a spedfic example, soUd supports of 1 jmn in diameter may be used. If 
eadi readion contains approximatdy 0.2 mL of soUd supports, and the oligomers are 

3 0 synthesized from a set of 50 monomers (50 paraUel readions), then a total of 10 mL of 
soUd supports, or approximately 10l3 soUd supports, would be required If one wishes 
to make hexamers with these 50 monomers, then there are over 1.5 x lOlO possible 
sequences, and eadi spedfic sequence would be represented on about 103 sohd 
supports. An estimated capadty of eadi bead, based on the capadty of commonly used 

3 5 peptide synthesizing resins, is about 0.1 pg of peptide per bead. Dy this estimation. 
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then, each soUd support would have about 100 amol or 108 oUgomer chains. 

To improve washing efficiencies, solid supports less porous than typical 
peptide synthesis resins are preferable. These supports will have a lower density of 
growing chains, but even with a deaease in capacity of several orders of magnitude, 
5 sufficient oUgomer densities can be produced for efficient screening. With the less 
, : porous supports, a greater proportion of the oUgomers wiU be acaessible for binding to 
the receptor during the saeening process. Also, the less porous supports wiU reduce 
the carryover of tags from one reaction to ti\e next, thus improving tiie accuracy of 
reading the dominant (correct) tags. 
1 0 Such soUd supports may be of any shape, although they will preferably be 

roughly spherical. The supports need not necessarily be homogenous in size, shape, 
or composition; altiiough the supports usually and preferably will be uniform. In 
some embodiments, supports tiiat are very uniform in size may be particularly 
preferred. In anotixer embodiment, however, two or more distinctiy different 

1 5 populations of solid supports may be \ised for certain purposes. 

Solid supports may consist of many materials, limited primarily by 
capacity for derivatization to attach any of a number of chemically reactive groups and 
compatibility witii flie chemistry of oligomer synthesis and tag attachment. Suitable 
support materials include glass, latex, heavily cross-linked polystyrene or similar 

2 0 polymers, gold or other colloidal metal particles, and otiier materials known to those 

skilled in die art. Except as otiierwise noted, the chemically reactive groups with 
which such soUd supports may be derivatized are tiiose commonly used for soUd state 
syntiiesis of tiie respective oligomer and tiius will be well known to those skilled in 
the art. The solid supports of the present invention do not include living cells, 

2 5 viruses, or cloning vectors such as phage vectors or plasmids. 

n. Method for Producing Tagged Svnthe rif Oligomer Ubraries 

In a preferred embodiment of tiie invention, the oligomers comprising 
the Ubrary aiso are attached to an identifier tag tiiat can be easily decoded to report tiie 

3 0 sequence of each oUgomer. The identifier tags may be attached either to ti\e oUgomer 

or to tiie soUd support to which \he oUgomer is attached. The attachment is preferably 
by means of a linker ti\at, prior to attachment, has an appropriate functional group at 
each end, one group appropriate for attachment to the support and the otiier group 
appropriate for attachment to tiie identifier tag. Alternatively, tiie identifier tag may 
3 5 be attached to a monomer incorporated into tiie oUgomer or attached directly to the 
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same linker that binds the oUgomer to the soUd support. In the latter embodiment, 
the linker has, prior to attachment, a third functional group appropriate for the 
attachment of the identifier tag. 

A synthetic oUgomer library that incorporates identifier tags is produced 
by synthesizing on each of a pluraUty of soUd supports a single oUgomer sequence and 
one or more identifier tags identifying the oligomer sequence. The tagged synthetic 
oUgomer Ubrary is synthesized in a process comprising the steps of: (a) apportionmg 
the supports among a pluraUty of reaction vessels; (b) exposing die supports in each 
. . - .-leaction vessel to a first oUgomer monomer and to a first identifier tag monomer; (c) 
10 pooUng the supports; (d) apportioning the supports among a pluraUty of reaction 

vessels; and (e) exposing the supports to a second oUgomer monomer and to a second 
identifier tag monomer. As noted above, one can also practice the invention m a 
mode in which there is no soUd support; in this mode, the tag is attached direcdy to 
the oUgomer being synthesized. The steps of either process typically wiU be repeated 
1 5 one or more times, but usuaUy, wiU be repeated less than 20 times. 

The soUd supports can be exposed to (or coupled with) an oUgomer 
monomer and an identifier fag at the same time, or sequentiaUy. In either event, the 
supports are then pooled and exposed to the second oUgomer monomer and second 
identifier tag. As before, these steps are repeated, typicaUy from one to about 20 tunes. 

2 0 The invention is described herein primarily with regard to the preparation of 

molecules containing sequences of amino adds, but the invention can readily be 
appUed to the preparation of other oUgomers and to any set of compounds that can be 
syntiiesized in a component-by-component fashion, as can be appreciated by those 
skiUed in the art 

25 In another embodiment, the same soUd support is used for synthesizmg 

aU members of the Ubrary, but the members are cleaved firom the support prior to 
screening. In this embodiment, synthesis of fagged oUgomers may be accompUshed 
utiUzing very large scale immobiUzed polymer synthesis (VLSIPS™) techniques. See 
U.S. Patent No. 5,143,854 and PCT patent pubUcation No. 92/10092, each of whidi is 

3 0 incorporated herein by reference. An array of oUgonudeotides is synthesized on the 

VLSIPSTM chip, each oUgonudeotide Unked to the chip by a deavable group such as a 
disulfide. In one embodiment, eadi oUgonudeotide fag has an amine group at the 
free end and only contains pyrimidine or pyrimidme and purine analog bases. In 
addition each oUgonudeotide contains bmding sites for ampUfication, i.e., PGR 
3 5 primer sites and optionally a sequendng primer site A short section of each 
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oligonucleotide uniquely codes the monomer sequence of the oUgomer to be tagged. 
Then, e.g., peptides are synthesized, optionally from the free tenninal amine groups 
on each oligonucleotide, so that each peptide is linked to a tag. The whole collection 
of oUgonudeotide-peptide may be released from the chip to create a soluble tagged 

5 ; oligomer library. . , . . .. . , , - > 

More preferably, however, the oligomer library is constructed on beads or 
particles. One method of bead functionalization, with compatible chemistries for 
peptide synthesis and round by round attachment of oUgonucleotide identifier tags, is 
shown in Figs. 3.1-3.6. Glass beads are derivatized using aminopropyltriethoxysUane 
10 and a beta-alanine spacer group is coupled using activated ester methodology. The 
oligonucleotide tags may optionally incorporate a biotin group to fadUtate 
purification, hybridization, amplification, or detection (see Pigrce 
TTnmunoTeAnnln^ Catalog and Handbook. 1991, incorporated herein by reference). 
Commerdally available Fmoc protected amino adds and standard BOP coupling 

1 5 chemistry is employed for peptide syndesis (see The Peptides, sjipra). Protected 

polypyrimidine (e.g., cytidine protected as N4-Bz-C) and/or purine analog containing 
oUgonudeotides resistant to tiie coupling and deprotection reagents used in peptide 
synthesis are attached using maleimide chemistry to unmasked thiol groups 
incorporated into growing peptide chains at low frequency (i.e., 0.1%) as cysteine 

2 0 residues with masked tiiiol groups (which masks may be selectively removed prior to 

tagging). In other embodiments of tiie invention, one may not need to use protected 
nudeosides or oUgonudeotides. 

However, to maintain the integrity of an oligonudeotide tag during 
peptide synti\esis, one may need to use different combinations of protecting groups 

2 5 and/or synthetic nudeotides to avoid degradation of the tag or the oUgomer 

synthesized. In general, polypyrimidine oUgonudeotide tags are relativdy stable 
under typical peptide syntiiesis conditions, as opposed to oUgonudeotide tags tiiat 
contain natural purine nudeotides, but a polypyrimidine nudeotide tag may be 
somewhat refractory to ampUfication by PGR. One may need to incorporate purine 

3 0 bases, or analogs tested for abiUty to witiistand peptide coupUng (and deprotection) 

conditions, into the tag to adieive a desired effidency of ampUfication. For purposes 
of the present invention, the tag optionaUy may contain from 10 to 90%, more 
preferably 35 to 50%, and most preferably 33 to 35%, purine or purine analog 
nudeotides. The oUgonudeotides optionaUy may contain phosphate protecting 
3 5 groups (e.g., O-metiiyl phosphates) witii greater base stabUity than tiie standard beta- 
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cvanoelhyl group, which n«y be susceptible to piperidine cleavage, to «ses, 

oU^nudeotide deprotection can be effected by sequenua^ ^a.m«.t vath 
SSh^ «^"<»^'= ethylenedi^nine at 55 degrees C 
enUxKiimeat, photdabile alpha-amino p^tecting groups are used » 
with bas^aMe side chain protecting groups 

ridbeta^yanoethyl protecHng groups are used for the ^ 
fc^other eLodiment, oligonucleotides contatoing both moifled or 

s^thetic purines and pyrimidines m.y be synfcesized in parallel «ith peptides u^g 
r^oL Fmoc/.B^P»Ud anuno adds, in this method, one can also u^ 
^^N^yloxycarb-^ylgroups to provide protecHon fbr phosphate «yg»s and 
Jexocydic andnes of the nudeoside bases, respectively (see Hayakav,a it I. 
Amer ChenuSoc 1^:1691-1696 0990), incorporated herein by reference). By 
^^elid oxidant tBuOOH for o^dation a. the ph^phorous^^ 

„uLSe oxidaaon of the amino adds methionine, tryptophan, ar^ '^I'^s, 
Hayal=awaetal.,I^.IfiSte:«91-4194(1986),incorporatedhereml^refe«n«^^^^ 

S^iUn^hydrodUoride/imidazole as a phosphporamidite acUvator leads to 
i^^plLphityUtion at the expense of low levels of spurious reaction at 
^4 1^ pjti^ or oligonudeodde (see Gryaznov and ^W-^ 
Ad.JLeard,2ftl879-1882(1992)inc«poratedhereinbyreference). Thelatah^of 

^t^^ to strong add (e.g., TBA) is avoid«l by use of phosphoramrdrtes of 
L purine nudeoside analogs 7-dea2a.2'-deoxyadenosine and 7-deaza-2- 
S^J^Line (see Barr St, BsMlUSa 4=428432 (1986), and Sd.«t,»dS 
^7;;^.^^-,.,„.n.„„^,„ Function pp. 64^ Oohn WUey and Sons, New 

York), both incorporated herdn by reference). 

The fuUy assembled pqrtide and oligonudeotide chains may be 

deprotected fay first treating the produds with 30% piperidtae in DMF to remove 
^^:linll Fmoc gro^s- Then, the allyUc protecting ^ups are removed usmg 
TOT containing tris (dibenzyUdeneacetone) dipalladium-dUoroform complex, 
triphenylphospLe, and n-butylamine/formic ad4 foUowed by a IHF wa*^ an 
aleoi NJ^^ethylihthiocarbamate wash, and a water -sh. FmaUy. the 

add-labile amino add protecting groups are removed by treatment with 953 

«WN«*to»i!Bi(«ft§^^«W^^^*^g^^^^ orthogonal protection during the 

p„alld assembly of oUgonudeoddes and peptides. Tl^se methods tadudeuse of 
3 5 add-labae protecting groups on phosphates and exocydic amines of deoxycytidme, 7- 
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deaza-deoxyadenosine, and y-deaza-deoxyguanosine sufficiently robust to resist the 
3% trichloroacetic add used in 5'-0-detritylation; use of photochemically removable 
protecting groups on these residues; and combinations of such add and photolabUe 
groups (for photolabile protecting groups for phosphate, see Baldwin M al., Is^^ 

incorpi>rat^ by referaice; we also figure 5).v -'^^^ 

HL Triontifving the Sequencp "f anv Oligomer 

The present invention provides a method for identifying the 
composition and sequence of any of tiie oUgomers in die Ubrary. By traddng the 

1 0 synthesis pathway that eadi oUgomer has taken, one can deduce the sequence of 
monomers of any oUgomer. The metiiod involves linking an identifier tag to the 
oUgomer that indicates tiie monomer reactions and corresponding step numbers that 
define each oUgomer in the Ubrary. After a series of synthesis steps (and concurrent 
identifier tag additions), one "reads" the identifier tag(s) assodated with an oUgomer 

15 to determine the sequence of that oligomer. 

For example, one might attach miaoscopicaUy recognizable, 
alphanumeric tags to each bead (see Fig. 2): "Al" means tiiat the bead partidpated in 
die A-monomer reaction at step 1, "C2" means tiiat the bead partidpated in the C- 
monomer reaction at step 2, and "B3" means B-monomer was added in step 3, and so 

2 0 on. At die end of tiie 3-step synthesis, the bead would have three tags attadied, e.g., 
Al, C2, and B3, indicating that the sequence of tiie peptides on tiie bead is ACB. This 
sdieme requires a number of distinct identifier tags equal to at most the product of the 
number of different monomers and tiie number of syntiiesis steps (nine m tiiis 
example). The number of identifier tags is reduced if the symbols are attadied to one 

2 5 anotiier in tiie order of tiie steps: A, A-C, A-C-B. In tiiis case only as many identifier 

tags are needed as monomers. One builds tiie identifier tag in mudi the same way as 
tiie peptides, so as to preserve a record of what was monomer was added, and in 
which addition step. 

mmmmmm^m^^^'-^ -;^^^^ .^^^^^^ ^^di monomer reaction tiiat an 

mtiemm^S O vV individual library member or soUd support has experienced and record tiie step in tiie 

syntiiesis series in whidi eadi monomer is added. The tags may be attadied 
immediately before, during, or after tiie monomer addition reaction, as convenient 
and compatible witii tiie type of identifier tag, modes of attadunent, and diemistry of 
oUgomer synthesis. The identifier tag is added when tiie soUd supports tiiat have 

3 5 undergone a specific monomer addition step are physicaUy togetiier and so can be 
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taaced as a eroup, i.e., prior to the next pooling step. 

tagged as a g» ^ ^ ^ ^ """"^^TL 

erf an oUgomer axe varied, one may need « identify only those n>onomers wh.d^ 

,n,ino adds lone or one mirfit want to diange as few as 5 ammo aads m 
ZZ^^XsO amJadds long. One may unique^ identify *eseq-ce of 
^.ide by providing for ead. solid support an identifier ^SJP^S orayfte 
viL in eal sequent, as will be readUy appredated by ftose s^ m 
10 n in such cases, an soUd supports may remain in the same r^^^^. 
L addition of common monomer units and apportioned among different ruction 

vessels for the addition of distinguishing monomer umts. 

The identifier tag can be assodaled with the oUgomerflm>ugh a vane^ 

of mechanisms, either directiy, ttm>ugh a Uniting molecule, or through a sohd 
1 5 iportupon whid> the oUgomer is synthesized, m ti« la.^ mode, - 

at^A tt.e^ to another soUd support that, in turn, is bound to fl,e sohd support 
upon which fte oUgomer is synttiesized. 

,0 '^'■^^^^^^aybe.nyrecognizablefeaturethatU.for^p^ 
microscopically distinguishable in shape, size, color, optical d»si.y, ^^^^ 
absorbing or emitting of Ught; diemicaUy reactive; magneti^lly or 
encodedfor in some other way distinctively marked with the reqmred mformati<m, 
"ddedpherableatthelevelofone(orfew)soUdsuppor.s. Inoneemboiment ad. 

25 bead or o&er soUd support in ti.e Ubrary incorporates a variety of fluorophores^or 
ofl«r Ught addressable type of molecules, the spectral properties of which <^ be 
dinged and tixerefore used to store information. In one sud. mode, a bead 
^^.es a variety of fluorophors, ead. of whid> can be seledively Pl>"^- 
and » rendered incapable of fluorescence or of diminished fluoresehce. Durmg ead. 

beaVriyirradiated (or not) to pholobleach (or not) one or more 
^^JZ^ of fluorophors. thus recording the monomer identity in the oUgomer 
Ltttesized. See Saa!£6255: 1213 (6 Mar. 1992), incorporated herein by reference. 

One can construct miaoscopicaUy identifiable Ugs as smaU beads of 

recognizably different sizes, shapes, or colors, or labeled with bar codes. The tags can 
35 be -Sne readable" luminescent or radioactive labels. The Identifier Ug can also 
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be an encodable molecular structure. The information may be encoded in the size 
(e.g. length of a polymer) or the composition of the molecule. The best example of 
this latter type of tag is a nucleic add sequence, i.e., RNA or DNA assembled from 

^^^il^^^^^PiS^l^^TOxyribonudeotides are espedaliy preferred 
information-bearing identifier tags. Oligonudeotides are a natural, high density 
information storage medium. The identity of monomer type and the step of addition 
is easUy encoded in a short oUgonudeotide sequence and attadied, for example, to 
each peptide synthesis bead. When a single bead is isolated by saeening, e.g., for 

1 0 receptor binding, the attached oUgonudeotides can be amplified by methods such as 

PCR (see PCR Protocols: A Guide to Methods and Applications. (Innis, M, Gelfand, D., 
Sninsky, J. and White, T., Academic Press, San Diego 1990), incorporated herein by 
reference), or by other nudeic add amplification techniques, such as the ligase chain 
reaction and the self-sustained sequence repUcation system. The amplified product 

15 can be easily sequenced or otherwise identified to decode the identity of the peptide on 
the bead. For this purpose, one can use any of a variety of sequendng methods, 
induding sequencing by sequence-specific probe hybridization. 

Alternatively, the information may be encoded in the length rather than, 
or in addition to, the sequence of the oligonudeotide. If only oUgonudeotide length 

20 is utilized to represent each specific monomer addition to the oligomer, tiien the 

identity of the oligomer can be decoded by amplifying the oUgonudeotide, as described 
above, and identifying the labels tiirough any of a variety of size-separation 
techniques, induding polyacrylamide gel elertrophoresis or capUlary dectrophoresis. 

There are several ways tiiat oUgonudeotides can be used as identifier 

2 5 tags. The oUgonudeotides can be assembled base-by-base before, during, or after the 

corresponding oUgomer (e.g., peptide) syntiiesis step. In one case of base-by-base 
syntiiesis, the tag for each step is a single nudeotide, or at most a very few nudeotides 
(i.e., 2 to 5). This strategy preserves tfie order of ti\e steps in the Unear arrangement of 
the oligonucleotide chain grown in paralld with tiie oUgomer. To preserve the 

3 0 •^ ■a^ the parallel synthetic steps (oUgonudeotides and peptides,. 

for example), one can modify the standard synthesis chemistries. 

One variation of base-by-base assembly is the block-by-block approach; 
encoded sets of nudeotides ("codons") of 5 to 10 or more bases are added as protected, 
activated blocks. Each block carries the monomer-type information, and tixe order of 
3 5 addition represents the order of tiie monomer addition reaction. Alternatively, the 
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block may encode the oUgomer synthesis step number as weU as the monomer-type 
information. 



"one could also attach protected (or unprotected) oUgonudeotides 




5 reaction information, x^w**.. *w ^ , j ^ r 

series of n oUgomer syndesis steps, there would be n difierently encoded «ts of 
olteonudeotfde identifier lags assodaled will, each oUgomer sequence^ fJ^ 
idLfying the oligon^rs with Ugaivd activity, a« assoctated oUgontuieot^^ 

amplifijd by PGR and sequenced to decode flie identity of the oligomer. 



10 



V T inVin ff the Id ^ntifiPr Ta^s) to the OUgomer 

The identifier tags may be attached to chemically reactive groups 
(unmasked thiols or amines, for example) on the surface of a synthesis support 
functionalized to allow synthesis of an oUgomer and attachment or synthesis of the 
1 5 oUgonudeotide identifier tag. lUe tags could also be attadted to monomers that are 
ina,rporated into a smaU proportion of the oUgomer diains; or as caps on a small 
num^ of the oUgomer diains; or to reactive sites on Unkers joining the oUgomer 
diains to tiie soUd support. 

m one embodiment, the soUd supports wiU have diemxcally reactive 
2 0 groups that are protected using two different or "orthogonal" types of protecting 
L^s. -me soUd supports will then be exposed to a first deprotection agent or 
activator, removing the first type of protecting group fiom, for example, tiie 
chemically reactive groups Aac serve as oUgomer synthesis sites. After reaction wxtii 
the first Inomer, the soUd supports will then be exposed to a second activator whidi 

2 5 removes the second type of protecting group, exposing, for example, the chemicaUy 

reactive groups that serve as identifier tag attadunent sites. One or both of the 
activators may be in a solution that is contacted with the supports. 

m another embodiment, the Unker joining the oUgomer and the sohd 
support may have diemicaUy reactive groups proteded by tiie second type of 

3 () proLting ^up. After Reaction with the first monomer, the soUd supportl^ the 

Unker and the "growing" oUgomer wiU be exposed to a second adivator which 
removes the second type of protecting group exposing the site titat attadies tiie 
identifier tag directiy to the Unker, rattier than attadunent directiy to tiie soUd 

support. . , 

3 5 When activators or deprotection agents are incorporated mto the 
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method of preparing a synthetic peptide library having a plurality of different 
members, each member comprising a solid support attached to a different single 

peptide sequence and an oligonucleotide identifier tag identifying said peptide . 
sequence, the method comprises: a) apportioiung the solid supports among a 
'5 plurality of reaction vessels; b) reacting the solid supports with a solution in each 
reaction vessel and treating sequentially witii (1) a first activator to remove a first type 
of protective group from the solid support, (2) a first amino add or peptide to couple 
said amino add or peptide to said solid support at sites where said first type of 
protective group has been removed; (3) a second activator to remove a second type of 

1 0 protective group from tiie solid support; and (4) a first nudeotide or oligonudeotide 

tag to couple said tag at sites wh&e said second type of protective group has been 
removed; c) pooling the soUd supports; d) apportioning the pooled soUd supports 
among a plurality of reaction vessds; and e) repeating step (b) to couple a second 
amino add or peptide and a second nudeotide or oligonudeotide tag to said solid 
1 5 support. 

As noted above, the invention can also be carried out in a mode in 
which tiiere is no soUd support, and tiie tag is attached directiy (or through a linker) to 

the oligomer being syntiiesized. The size and composition of the library will be 
determined by the number of coupling steps and die monomers used during ti\e 
20 synthesis. Those of skill in the art recognize that eiti\er the tag or the monomer may 
be coupled first, in either embodiment. 

Another possible embodiment is the use of two solid supports, such as 
beads, that are physically linked together, one with synthesis sites 
(or linkers) for the oligomer and one with attachment sites (or linkers) for the 

2 5 identifier tags. This arrangement allows the segregation of oligomers and identifier 

tags into discrete "zones" and permits tiie use of widdy different chemically reactive 
groups and chemistries for attachment. The solid supports can be derivatized 
separatdy and then Unked under conditions where all or nearly all of the synthesis 
^^^f^^-^^^uf^i^ in tow. The soUd supports can 

3 0 be of different sizes, as for example a large syntiiesis bead with several (or many) 

smaller tag-attachment beads linked. In one embodiment, the first solid support will 
have at least one attached amino add and the second solid support will have at least 
one attached nucleotide. 

The mode of linking the two beads is constrained by the chemistry of 
3 5 oligomer synthesis. The most obvious means of linking tiie beads is witii a 
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heterobifunctional cross-linking agent (for examples of such agents, see Eiercg 
^^ln^.r.t.loran<lHandbooK pp. EIO-EIS (1991)) interactmg vath the 
dominant chemically reactive groups on each species of sohd support 

< Vrr" rnrnriinr th'' T/^on♦ifiP^ Ta^' Information ' 
» ' ' ^'i Lce of bases Ll in an oligonudeotide identifier tag i. W by, 

*e chemistry of oUgomer synthesis. For example, the use of strong add to dnrroted 
. ^^^^ur>nJn^c>o^. Therefore, when standard d>^««fcr 

ST^thesis <^ employed, the pyrinddines C and T could be used m a ta^^^ 
1 0 ^ -Z. in a pr^^ embodiment, the identifier tag vHll be an ohgopyrumdme 

In another embodiment, the lability of purine nucleotides to strong add 
• Wy be overcome through the use of the purine nudeosMe '^f^'^'^^^^^ 

2'ioxyadenosine and 7Kieaza.2'^eoxyguanosine ^jf-^^^Son 
15 4-428432 0986), and Sd.eit,TTMHrn ti,1r /^nilnr" ''YrHl"!!' SPd B.0 of i r^l ^"^^ 
pf6«5 (John Wiley and Sons, New York), both of which are herem mcorporated by 
^rence). use of these or other analogs would permit *e use of a quaternary or 

Other as opposed to a binary, encoding scheme 

other, as "PP^^^^ oligonudeotide identifier tags ^ possd^e 

20 through various encryption sd«mes, two of whid. are <'«=*''^^°";^ 

the oLmer sequence information is at least in part encoded m the length of the 
oUgonLotide. Ead. different monomer added at a given step ir. the oUgomer 
sv^ may be represented by an oUgonudeodde tag of ""-P-ilf^^' 
' oligonudeotide inherently contains amplification sites, sud. as PCR prnnmg 

25 sequences, d^racteristic of tt,e given step-number in U.eoUgomersynthes«. 

SUnin^tion of the oUgomer composition a. any given position - 

then involves amplifying ti>e tag using the PCR priming "f^!^"' 

tt,at step in the synthesis and size-separating ti.e amplification products utihzmg 

well known in the art, sud. as gel or capillary electrophores« (usmg the 
^IM^a^aSr^ stinaaids) -This embodiment is particularly useful^»i,«^^,: 
^sires to make a Ubrary of compounds related to a lead sequence. One need only 
tag during steps in whidi a site being analoged is syntiiesized. 

m addition to lengU., oUgomer sequence information can also be 

encoded in fte sequence of bases comprising the oUgonudeotide tag. TOs type of 
3 5 encryption is of value not only in a.e embodiment in whid. one attad.es a different 
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oUgonudeotide tag at each coupling step but also in the embodiment in which one 
extends an oUgonudeotide tag at eadi coupling step. For example, as shown m Fxg. 4, 
one may use oUgonudeotides of up to about 100 bases (or somewhat longer), eadi 
having seven regions, as described below. 

^! V Regibi^l is a 3'-Pdl prixn^it€^(20 to 25ba^^ site is used m'^.^, ' 

conjunction with another PCR site (at the 5'-end of the oUgonudeotide) to prime 
ampUfication by PGR. Other ampUfication methods may also be used. 

Region 2 is a "step-specific" DNA sequencing primer site (15-20 bases). 
TWs site is spedfic for tiie particular numbered step in the synthesis series. All the 

I 0 oUgonudeotides added to aU the beads at a particular step will have this sequence m 
common. Eadi numbered step wiU have a highly spedfic primer site representmg 

that step. , . 1.1 1 

Region 3 is a spacer (20-30 bases). A spacer segment of variable length, 

but preferably 20 to 30 bases long, places the coding site suffidently distant from the 
1 5 sequendng primer site to give a good "read" through the monomer encodmg or 

identification region. 

Region 4 is a monomer identification region (8 bases). Eadi base m this 
string represents one bit of binary code, where, for example, T = 0 and C = 1. Each set 
of step-spedfic identifier tags consists of 8 bases with a 1 (C) or a O (D at eadi of the 8 
20 positions. These may be thought of as switdies set to "on" or "off" at the differ^t , 
positions. Eadi monomer type is encoded by a mbcture of 1 to 8 ol these "switdies. 

Region 5 is a step number confirmation region (4 bases plus 2 bases on 
either side for region distinction). Four bits in this short stretdi encode the step 
number. This is redundant to the sequendng primer but can be used to confirm that 
25 the proper primers were used and that the right step is decoded. 

Region 6 is a repeat of the monomer identification region (8 bases). This 
region has the same information as region 4, and is used to confirm monomer 
identity. InstaUing this second monomer encoding region also increases the 
probabiUty that a good sequendng "read" wiU be obtained. 

for anneaUng tiie second PCR primer for ampUfication of the sequence. The length of 
oUgonudeotides.5vith aU seven of these features, some of whidi are optional, wiU 
commonly be between 75 and 125 bases. 

An 8 bit format can encode 256 different monomer types. The number of 
3 5 steps that can be encoded is determined by the number of step-spedfic sets (8 per set) of 
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olfeonudeottdes on hand. Witt. 10 sets (80 oBgos) one can encode up to 256 di««a>. 

assembled in» oUgomers up «, 10 unl« long (tt,us prov.dn,g ^»d^ 
^;abnity for up to 25610 = 12 x 1024 oUgomer sequences). The "ded .den^«_ tags 
™v beLd so fliat each nu.non«r is assigned a specific binary number (eg. Ala - 

■*'«*'''**t"S^S^= oooooubl-i^^^^ 

the c»rrect binary code 

When spedflc beads are isolated in a receptor soeenmg expenment, ttie 
10 beads on be segregated individually by a number of means, inctading: 

^ormicro^pulatton, or preferably, fluorescence activated ceU sortmg (FACS), 
alUiough, »ith respect to the present invention, FACS is more "c^ately 
■•fluor^ce activated oUgomer or soUd support sorting' (see Ifcited^ 
Biologv, vol. 33 (Darzynkiewicz. Z. and Crissman, KA., eds.. Academic Press) and 

15 S^dHerzen^SllB*™^^^^ 

by rrference). (Dnce the desired beads have been isoUted, one needs to identify ttie lag 

lo ascertain ttie sequence of ttie oligomer on a« bead. 

■ To fedlitate tag identification, one has a variety of optK>ns. Formsttnce, 

one could read .he tag directty from the bead by sequendr* or hybridiza^^^^^ 

■ 20 is an oligonudeotide One can also amplify oligonucleotide tags to faah^te tag 

Td^t^lon. The oUgonudeotide identifier tags carried by a ^^Ud ^^^^^^ 

oligomer an be amplified iasto by cloning, or innsa, e.g., by PCR. If ttie tout 
de^on is on the order of 100 moleciks. then at least 100 or more cop.es <.f each 
oUgonudeotide tag on a bead would be required. Copies of tt.e tag are produced 
25 ^^as Single stLded oUgonudeotides. doubl«tranded nudeic aods or m«tur^ 
r^gk and double-stranded nudeic adds, by any of a variety of mefl.ods, several of 
whid. are described below, and tt.e amplified material is sequenced. In the 
embodiment of tt.e invention in whid. a separata and distinct oUgonudeobde ^g .s 
added at ead, monomer addidon step (as opposed to extending an ex«tmg tag at ead. 

m^y separate sequendng reactions as fliere were oUgomer syna.esis steps 
(employtag a different sequendng primer for ead. type of tag). In ttus «rf»diment, 
oTcoT also design ttie tags so tt«t each tag could be amplified separately from tt.e 
other tags by appropriate d.oice of primer sequences. The sequendng reacBons are 
3 5 performed and run on a standard sequendng gel, and the oUgomer sequence is 
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deduced from the code revealed in the resulting sequence information. 

An alternative strategy is to use common PCR primers and common 
sequencing primers (the sequencing primer may even overlap completely or partially 
with a PCR primer site) and identify the step by hybridization to oHgonudeotide 

from the bead. A single set of sequencing reactions is performed on all of tiie 
amplified oUgonucleotides from a single bead, and the reaction products are run in a 
single set of lanes on a gel. The reaction products are tiien transferred to a suitable 
hybridization membrane and hybridized to a single step-specific probe (see Maniatis et 

1 0 Cold Spring Harbor Laboratory, Cold Spring Harbor, NY (1982), which is 

incorporated herein by reference). After detection of tiie resulting signal, tiie probe is 
washed from tiie membrane and anotiier step-specific probe is hybridized. One could 
also use tiie procedure described in EPO pubUcation No. 237,362 and PCT pubUcation 
No. 89/11548, each of which is incorporated herein by reference. 

I 5 Parallel hybridization provides an alternative to sequential 

hybridization. The sequencing reactions are divided into a number of aliquots equal 
to the number of peptide syntiiesis steps and run in a separate set of lanes for each on 
tiie sequencing gel. After transfer of tiie reaction products to a suitable membrane, tiie 
membrane is cut to separate tiie sets of lanes. Each lane set is tiien hybridized to one 

20 of a plurality of step-specific oUgonudeotide probes (see "Uniplex DNA sequencing" 
and "Multiplex DNA sequencing," in Plex Lumines rpnt Kits Product Catalog, Bedford, 
MA, 1990, incorporated herein by reference). 

As noted above, a single synthesis solid support (or an attached bead 
bearing a tag, or in solution in a "well") may only comprise a few hundred copies of 

25 each oUgonudeotide tag. These tags may be amplified, e.g., by PCR or otiier means 
well known to those skilled in tiie art, to provide suffident DNA to be sequenced 
accuratdy. The abiUty to decode tiie oligomers depends on tiie number of available 
oUgonudeotide identifier tags, tiie levd of ampUfication tiiat can be achieved from 
the available tags, and the accuracy of sequendng that amplified DNA. 

Alternate amplification metiiods indude, for example, nudeic add sequence-based 
ampUfication (Compton, Nature 350: 91-92 (1991), incorporated herein by reference) 
' and ampUf ied antisense RN A (Van Gdder et al-, Prnc. Nat. Acad. Sd. USA 8^:7652- 

7656 (1988), incorporated herein by reference), and tiie self-sustained sequence 
3 5 repUcation system (3SR, see GuatelU et al., Prnc. Nad. Acad. Sd. USA ST: 1874-1878 
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(1990), incorporated herem by reference). , j „™ 

TpCR ampliflcaaon of =n oUgonudeotide identiHer tag « employed, one 
may encounter ■7CR product contaminatton," caused by the produrt of one POl 
Zion contamiruting a subse<r«nt PGR reaction 

ags having the same PGR primer binding sites. One may prevent Bus problem by 
^dudnl lability into the product sequences and treating subsequent reacB-» as 
Z d^troy potent^ contamination carri«l over from previous reacuons A speafic 
exampleof.Wssttategy,£brwhichcommercialkUsaresoldbyPEaandL*_ 
TechrLogies, Is to introduce dUMPtato the p«duct Treating each new PCRreact»n 
1 0 with urai^-glycosidase degrades any dO-containing DNA present, prev«.tag 
iii^n the contaminant The template DNA, which contains no dU (only 
dT) is not affected. Of course, fte gjycosidase is removed or inactivated before 
amplification is be^^^ tags described above for p^tide synthesis have the unusual 
1 5 characteristic of containing only pyrimidines. This means that the u«dl glycosidase 
strategy (Perkin Bmer Cetus Ihstimnents (PEO) Catalog, Alameda (1991), 
inco^ted herein by ref^ence) wiU work on only half of the str^ds produ^ 

thos^containing Ts (or ITs). One amnot introduce dUMP infc. *e complementary, 
p„rine<.nly strand; however, fte purine strand is Mgjdy vulner^le to aad 

2 0 Lurination and alkaline-mediated scission of the backbone. The combmatum of 

Ze treatments can greatly reduce problems with product contamination. Another 
approach to preventing carryover contamination involves incorporation of a 
r^Wctton site (E«I could be used for polypyrimidine tags) into the "^'P'^^^ 
tag and digestion wiflv *e corresponding resttiction enzyme prior to amphfication of 
25 a LcdonLpected of being contaminated with the «g. -Hus mettuxl o-ly """-J 
the tag to be amplified wil not be cleaved by the enzyme, as would generally be the 
case for a single stianded oUgonudeotide tag. 

For sequenong amplified DNA, one usually desires to generate smgle 
stranded templates. This generatton may be accomplished by any of several means. 

mm mm m mm ^^-^^' - '^m^^^ PCR, where an excess of ohr<if the primes is used to» 

amplify one strand fo a level 10 to 100-fold higher than the other (see, for example, 
U S. Patent No. 5,066,584, incorporated herein by reference). Another means of 
providing a single stranded tempUte is to by biotinylate one of the primers »d punfy 
or remove the resulting strand by adsorption to immobilized streplavidm (QsBS 

3 5 ^h.oln,n, r.»-»r '"-^ Handbook. 1991. incorporated hereto by reference). 
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Yet another means involves generation of KNA transcripts (representing only one of 
the strands) from an KNA polymerase promoter and sequencing the transcripts with 
reverse transcriptase (Sommer et al.. Chapter 25, In PGR Protocols: A Guide to 
Methods and AppUcations. supra, incorporated herein by reference). If the tags are 
:?f^m^mmmf:'- composed bf only pyrimidine nucleotides, then aU purine strands can be eliminated 
by add/base treatment, leaving the pyrimidine strand for sequencing. 

The use of separate sequencing primers for each step-specific 
oligonucleotide requires a separate, conventional sequencing reaction for each step- 
specific primer. Using primers that are differentially labeled would allow the 
1 0 identifier tags from a single soUd support to be sequenced in a single reaction and run 
in a single lane set (2 lanes) on a gel. There are now commercially available primers 
labeled with distinguishable fluorophores that are suitable for this purpose (ABI 
Catalog, incorporated herein by reference). Sets of chemiluminescent labels now 
distributed commercially may also be used (Bronstein et al., BioTechniques 8: 310-314 
.,15.. (1990), incorporated herein by reference). 

DNA sequencing enzymes which may be employed in the present 
invention indude lag DNA polymerase, E. coli DNA polymerase I (or the Klenov/ 
fragment), T7 polymerase, SequenaseTM and Sequenase 11™ (Modified T7 DNA 
polymerases), M DNA polymerase, and reverse transcriptase (from AMV, MMLV, 
; >.yVft vi^ P^^^^^- Bnrvmes for DNA Sequendng. U.S. Biochemical Corp, 1991, 

Cleveland OH, incorporated herein by reference). 

The sequence of an oligonudeotide tag may also be identified by a high 
fidelity DNA hybridization technique. To this end, very large scale immobilized 
polymer synthesis with oUgonudeotides may be useful (see PCT patent pubUcation 

2 5 Nos. 92/10587 and 92/10588, each of which is incorporated herein by reference). 

Vm. Screening Receptors witii Svnthet ic Oligomer Libraries 

The tagged synthetic oligomer libraries of the present invention will 
have a wide variety uses. By way of example, these libraries can be used in 
30" determining peptide and nudeic add sequences that bind to proteins, findings v . v ^ 
sequence-specific binding drugs, identifying epitopes recognized by antibodies, and 
evaluating a variety of drugs for clinical and diagnostic applications, as well as 
combinations of the above Peptides as short as about five amino adds long might be 
useful in receptor-binding studies, for example. 

3 5 Synthetic oligomers displayed on small beads can be saeened for the 
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^mty to bi»i to a receptor. The receptor may be corvtacted v..h U« 

syr,.^ttc oUgomers, forxning a bound member betw^ ^ '^ZT^^T 

^e to bind the receptor. The bound member may then be idenffied. As one 

- «tamijle tiie receptor may be an immuimglobulin. ^ ■ i».ii;J4'ii>!M s 

example, tt. V ' ^ ^ on 

their surfaceI^^^us«,FACS methods for doningmammaUanceUs expr^^g 
a^g^ or'receptors. Therefore, methods (or selecting and sortmg beads 
' S W^y app^ent ftose skilled in the art of ceU »>rting.. ffS''; ^-^ - 

^tr^i ^ed «i.h a fluorescent tag and then incubated with *e nu^^of 
0 ^^aSg oUgomers. After washing away unbound or non^peoficaEy bound 

^^XiaLuseFACStosortthebeadsandtoidentifyand^late 

physically individual beads showing high fluorescence. 

" Alternatively, affinity adsorpdontechnicp^s can bemployadm 

con^^ctionwiththeUbrariesoftheinvention.^"^^-^^^ 
5 a surfece on which a receptor has beaimunobihzed (see per patent p 

91^0^. incorporated hLn by reference). After washing to '-"--^^ a^l^' 
ien dute beads bound to the surface using condiUons that reduce a^d..y 
rJ^lLner/receptor interaction Oow pft for example). The process of afflnrty 

. , . - iS2^.L.re^eated with *e elutedbeads, "^Jt^'c^^^T^^, i ; 

0 be^^ Ph;sically s^arated for ^plei by limited dJutMn, by FACS, or by ^ _^ 
^^^liar to ftcse in which cells are incubated with a receptor coupled to small 
^J^Lgnettc beads and then cells expressing a ligar^ fbr tt« r«.^or ^ 
e^Ld uZ a high power magnet (see Miltenyi aA, Cj3!ai^Ua31-238 1990), 
^r^rLein'by'Urence). Magnetl^lly sMected ceBs^ be ^ analyzed 

5 andTorted using FACS. Radionudeotides may also serve to label a receptor 

AlLadvely, the present invention can be used to generate Ub^nes^ 

soluble tagged oUgomers, whid, can be used with a variety of screenmg mefl-ods^ For 
S oligoL hT,rary can be synthesi^d on beads with - 
the olfgomer sequence. The microscopic beads are placed m — ual 
50 ■ r^^ts or wells ftat have been Wabricated" in a silicon or oA« s^^We 
LTc. The oligomers are deaved from the beads and remam contamed wthm me 
compartment along with the bead and the attadved identifier tag(s)^ . „f 

en^Liment the bottom surface is coated with the receplor and ^^^^ ° 

binding buffer and a known Ugand for that receptor that is fluorescently 'abeUed, one 
3 5 ^ely has a solution phase competition assay for novel Ugands for th.e receptor. 



wo 93/06121 



PCr/US92/07815 



31 

The binding of the fluorescently labeUed Ugand to the receptor is estimated by confocal 
imaging of the monolayer of unmobilized receptor. Wells with decreased 
fluorescence on the receptor surface indicate that the released oligomer competes with 
the labelled ligand. The beads or the tag in wells showing competition are rax»va:e^, 
5 and the oUgonudeotide tag is amplified and sequenced to reveal the Sequence of the • 
oligomer. 

The beads are loaded in the wells by dispersing them in a volume of 
loading buffer sufficient to produce an average of one bead per well. In one 
embodiment, the soludon of beads is placed in a reservoir above the wells, and the 

1 0 beads are aUowed to settle into the weUs. Qeavage of the oUgomers from the beads 

may be accompUshed using chemical or thermal systems, but a photodeavable system 
is preferred. 

Recovery of identifier-tagged beads from positive wells may be 
effectuated by a micromanipulator plucking out individual beads. However, a 
1 5 preferred mode involves the use of beads that have been previously labeUed with a 
fluorescent tag. A laser of the appropriate wavelength is then used to bleach the 
resident beads in only the positive wells. All tiie beads are then removed gn piasse 
and sorted by FACS to identify the bleached positives. The assodated tags may then be 

amplified and decoded. 
20 In a variation of this assay, tiie oligomer and tag may be syntiiesized 

attached to a common linker, which, in ttim, is bound to tiie soUd support. After 
placing tiie beads in tiie wells, one can deave the linker from tiie bead, producing a 
tagged oUgomer in solution. An immobilized receptor, such as a receptor bound to a 
bead or a receptor immobilized on one surface of tiie weU, can be saeened in a 

2 5 competition assay witii tiie oUgomer and a fluorescently labeled Ugand. Instead of 

recovering tiie beads, one may recover tiie beads bearing immobilized receptors and 
sort the beads using FACS to identify positives (diminished fluorescence caused by tiie 
Ubrary oUgomer competing witii die labded Ugand) or one can determine the 
fluorescence emitting from tiie weU surface coated witii receptor. The assodated 

3 0 idecitifier tag may then be amplified and decoded. 

In a tiiird variation of tiiis approach, soluble tagged oUgomers, produced 
eitiier by cleavage of tiie Unked oUgomer and tag from tiie solid support as described 
above, or syntiiesized by tiieVLSIPSTw metiiod described above, or syntiiesized in 
solution witiiout a soUd support, are incubated witii an immobUized receptor. After a 
3 5 wash step, tiie bound, tagged oUgomers are rdeased from the receptor by, e.g., add 



WO93/0<I21 



PCT/US92/07SI5 



32 



watmcnt The tags of the bound oligomers are amplified ax,d decoded. 

The couplii« steps for some of the monomer sets (anuno aads, for 

5 Scami*^) squire a lengthy in^ba^^ 

in Mrallel is desirable. This can be accomplished with an 

— d" ^:^^orm SO to XOC parallel reactions » 
^istoinent is capable of disWbuting the reaction mixture or slurnr of »y»«he«s^|. 
^^^er progran-ble control, «, the various channels for poohng, m«mg, 

10 -aredistribu^^^^^ 

lar- number of reservoirs for tl« diversity of monomers and the number of tags (up 
^r^stepsynthesis.inoneembodiment) employed, ^l^^ 
' "pabiUty will translate simple instructions into the proper mature of tags »d 
15 Z^e ftat mixture. Monomer building blodcswiU also be dispensed, as deseed, as 
mbctur^. ReaCfon agitatfon, temperature and time control -/^ 
^ded. Anappropriatelydesignedinstrumentmaya^^^amvOh^ 

Ln«de svnfliesizer capable of producing 1 to SO mgs (crude) of up to 100 speoBc 
P*?'^''™*'^ „ .LprToatentpubUcalion 91/17823, mcorporaled herein 
,, . peptMes for assay purposes. See PCT patent puDuoiuu 

20 by reference- 

EXAMPIBL SYNfflESISONGLASSBEADSOF4FLUORESCENTLYTAGGE0 
PENTAPEFIIDES 

}u.out 0 5 e of 3-10 urn diameter silica beads (Polyscence) were washed 

" v^threfiuxin^ % aquLusHNO3for20min. The beads were peUet«i ar^ washed 
^ Stilled water (5x) and methanol {3x) and dried at 125 degrees C for 12 hours. 
;^ds w^ vortexed with a 5% solution of aminopropyltriethoxysilane m ace»ne for 
W l^^eted and then washed with acefone (2x), ethanol (5x), and methy^ 

dried at 12S degrees C for 45 miru Beads were » 
a mL) containing diisopropylethylamine (17 m, 100 ^'f^^^^^^^^ 
b-alanine, pentafluorophenyl ester (200 mg, 420 Mmoles, Pemnsu^a Late) m d«tJled 
v^er (limL) was added. After vortex treatment for 11 hours, fte beads were 

ai^washed with DMF (3x) and mediylene chloride (2x). Bea<^ were treated 
35 with a 10% solution of acetic anhydride in DMF containing O.OS mol of 4- 
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dimethylaminopyridine to cap any underivatized aminopropyl groups, and then 
washed with DMF (2x) and methylene chloride (2x). Beads were vortexed with a 20% 
solution of piperidine in DMF and the release of the Fmoc-piperidine adduct .. 
quantitated by monitoring the absorbance spectrum of the supernatant at 302, nm_ . , 
5 (6302 = 7800 M- 1 cm- 1). An estimate of the degree of substitution of 10 ^moles of 
amino groups/g beads was thus obtained. Fir\ally, the beads were washed with 
ethanol (5x) and methylene chloride (2x) and then dried at 85 degrees C for 12 hours. 

B. Preparation o f BooGly-L-Phe-L-Leu-OH 
1 0 Glycyl-L-Phenylalanyl-L-leudne (552 mg, 1.5 mmol, Bachem) was 

dissolved in a solution containing distilled water (10 mL) and 1 M NaOH (1.5 mL). 
The solution was cooled in an ice bath and was treated with a solution of di-tert-butyl 
pyrocarbonate (337 mg, 1.5 mmol) in p-dioxane (12 mL). A white precipitate rapidly 

1 5 was concentrated to dr3mess in vacuo, the residue taken up in water (5 mL), and the 

pH adjusted to 2.5 by the addition of 1 M iaEiS04. The aqueous suspeiwion was 
extracted with EtOAc (2x, 15 mL), the organic layer separated, and dried over MgS04. 
After removal of the solvent in vacuo, the residue was triturated with hexane to 
afford Boc-Qy-L-Phe-L-Leu-OH as a white solid (yield=642 mg, 98%). 

20 

C Preparation of Gly-L-Phe-L-Leu Beads 

Boc-Gly-L-Phe-L-Leu-OH (44 mg, 0.1 mmol), beiusotriazol-1- 
yloxytris(dimethylamino)phosphonium hexafluorophosphate (44 mg, 0.1 mmol) and 
l-hydroxybenzotriazole hydrate (14 mg, 0.104 mmol) were dissolved in dry DMF (1 

2 5 mL). Diisopropylethylamine (20 ^l, 0.115 mmol) was then added and 0.65 mL of this 

solution was immediately traiwferred to a microcentrifuge tube containing 80 mg of 
amino derivatized glass beads. The sealed tube was vortexed for 3.5 hours, and the 
beads were then pelleted and washed with DMF (3x) and methylene chloride (2x). 
The beads were then deprotected with a 50% solution of trifluoroacetic add in 
30 methylene chloride for 30 min., washed with methylene chloride (2x), ethanol (2x), 

and methylene chloride (2x), and dried at 55 degrees C for 1 hour. 



35 



D. Preparation of Glv^lvL-Phe -L-Leu Beads rSEO ID NO:10) 

Fmoc-glydne pentafluorophenyl ester (46 mg, 0.1 mmol) was dissolved 
in dry DMF (1 mL) containing diisopropylethylamine (17 jil, 0.1 mmol). About 0.65 
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mL of this solution was added to 20 mg of Gly-L-Phe-L-Uu beads in a nucrocentnfuge 
tube and the tube was vottexed for 3 hours. The beads were pelleted and washed 
with DMF(4x) and methylene chloride (2x). Deprotection was effected by freatment 
#>^,^>^H^.;:^j,w^^^ of piperidine in DMF for 30 min,, The. beads, wcarej/a^ 

Dl^.(2x), ethanol (2x), and methylene chtoride (2x) and dried at 60 

hoxirs- 



"^"^ V - ' j4^ ^^^^^ B^«ds ^OIP NQ:^^ 

Emoc-L-proline pentafluorophenyl ester (50 mg, 0.1 mmol) was 

1 0 dissolved in dry DMF (1 mL) containing diisopropylethylamine (17 |il, 0.1 mmol). 
About 0.65 mL of this solution was added to 20 mg of ay-L-Phe-L-Uu beads m a 
microcentrifuge tube, and the tube was vortexed for 3 hours. The beads were pd^^^^ 

and washed withDMF (4x) andmethylene ^^^^ 
. sohition ofcpiperidine in DME for 30 rnm-^JThe bwds woe 
1 5 washed with DMF (2x),ethanol (2x), andmetiiylene chloride (2x) and dried at 60 
degrees C for 4 hours. 

F. Tni.^.o< ^^n qtaininrr of Qy-GIy-T^-PIip-T-T^u Pe^ds , „ 

. . ^^ ^ c ; . . .u . < About 5.4 mg of Gly^Cay-W>hei^u beads were suspended m 450 fUot 

20 aqueous borate buffer (pH 8.5) and 54 of a 10 nM solution of fluorescein 

isothiocyanate (FTTC) added. After Yortex treatment for 1.5 hours, the beads were 
washed wfthbuffer (5x), ethanol (2x), and methylene chloride (2x). FACS an^ysis 
indicated that approximately 10% of available amino groups had been titrated with 
FTIC. 

5 mg of FTTC labelled Qy-ay-L-Phe-L-Leu beads and 5 mg L-ProOy-L- 
.. . Phe-t-Leu beads were mbced together in a single tube, vortexed with a 0.1 mM 
30 solution of diisopropylethylamine in methylene chloride, and the suspension was 
divided into two equal porti ns. The beads were pelleted, and to one portion was 
added a solution containing Fmoc-O-tert^utyl-L-tyrosine pentafluorophenyl ester (59 
mg 95 nmol), N-hydroxysucdnimid biotin (1.7 mg, 5 Mmol) and 
diisopropylethylamine (17 pi, 100 jmiol) in dry DMF (1 mL). After Yortexing for 3 
3 5 hours the beads were washed with distilled water (2x), ethanol (2x), methylene 
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chloride (2x) and DMF (Ix). Fmoc deprotection was effected by treatment with a 20% 
solution of piperidine in DMF for 30 min., and tert-butyl side chain protecting groups 
were removed by treatment with 25% trifluoroacetic add in methylene chloride for 30 
.min.^*The peUeted beads were wasted with me^ylene d^^ 
5 TBS (be). 

H. R-Phycoervthrin Staining of Hinrinvlated T .-Tyr-rGlv/L-Pro)-Glv-L-Phe-lL-Leu. 
RpaHs (Mixture nf qpo ID NO:l? and SHO ID N0:13) 

. . Biotinylated L-tyrosine beads from (G) above were suspended in TBS (0.5 

10 mL) and treated with 10 \si of R-phycoerythrin-avidin conjugate (Molecular Probes) 
for30mia Pelleted beads were washed with TBS (5x). 

I, Co-couplinff nf T. -Proline and Biotin tn Mixture of T.-Pro-Glv-t-Phe- 

; ^^^.^^ ^ and FTTC lahplled Glv-Gl v -I^Phe-L^u Beads (Mixture of SIlQ IP NO^^S 

15 andfiEOIDNO:14) 

5 mg of a mixture of L-Pro-Gly-L-Phe-L-Leu and FTTC labelled Gly-Gly- 
L-Phe-L-Leu beads were treated with a solution containing Fmoc-L-proline 
pentafluorophenyl ester (48 mg, 95 ^unol), N-hydroxysucdnimidobiotin (1.7 mg, 5 
\xmol), and diisopropylethylamine (17 nl, 100 nmol) in dry DMF (1 mL). After 

2 0 vortex treatment for 3 hours, the beads were washed with DMF (2x), ethanol (2x), 

methylene chloride (2x), and DMF (Ix). Fmoc deprotection was effected by treatment 
with a 20% solution of piperidine in DMF for 30 min., and by way of control, the 
beads were treated with 25% trifluoroacetic add in methylene chloride for 30 min. 
The pelleted beads were washed with methylene chloride (2x), ethanol (2x), and TBS 
25 (Ix). 

J. Tri-Color Staining of Biotinylated L-Pro -fGly/L-Pro^-Glv-L-Phe-L- 
Leu Beads 

. , . . , . . . Biotinylated L-proline beads from (i) above are suspended in TBS (0.5 

3 0 mL) and treated with 20 \d Tri-Color. streptavidin conjugate (Caltag Labs) for 30 min. 

Pelleted-beads are washed with TBS (5x). 

« 

K. Selection of Beads Containing Peptide Ligands for Monodonaj Ayitilppdy gpZ 
Monodonal antibody 3E7 was raised against the opioid peptide beta- 
35 endorphin. The binding spedfidty of MAb 3E7 has been well characterized by 
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solution assays with chemically synthesi^d peptides. ^q^hrium binding 

.instants (J) of the peptides considered here are as foUows: Y^^^ nM^-» 

YPGFU FPGFL, and PGC21, are eadi >1 bM; ttuis, only fte peptide YGGFt shows 

*^*-''iSjifec^i'*afflnity for the antibody; - . ■ %;r » v. . .wsw i' ■■ - ■ ■•'^-2f >»' 

5 AcLreofbeadscontainingeitherYGGFL-VPGFUFGGFUorPPGFL 

and Ihdr respecttve tags (see above) are added in phosphate buffeted saltaejPK) 
containing monoclonal antibody 3E7 ftal has been previously conju^ted to coUordal 
superparamagnetic ndcrobeadsOsiatenyiBiolec West Gennany). After a 16 hr 

inStion at 4 degrees C, beads wWch bind the 317 antibody are selected «^ a ta^ 
10 strengthmagnetTheselectedbeadsarethenanalyzedbyflowqrtometry. A^^ 

the sdected beads reveals that they contain both fluorescein and R-phycoery ton, 
indicating fluit only beads displaying the peptide YC3GFL are selected by the 3E7 

antibody. 

15 EXAMPLE 2: SYNTHESIS ON GLASS BEADS OF 4 PENTAPEF^ 
OUGONUCLEOUDE IDENTIFIERS 

The oUgonudeotide identifier tags OHTV) have the sequences shown 
below. The regions complementary to Ae 5' and S' PCR primers are underfed. The 

20 regions complementary to the step^pedfic sequencing primers are shown mlovm 
case: there are two steps in this example. Tl.e monomer encoding region xs sho^ m 
bold type: CTz encodes ay,TCT6 encodes L-Pro, and TTCTg encodes U-Tyrm this 
case. Thus oUgos mN) code respectivdy for Gly in position 2, L-Pro in position 2, L- 
Tyr in position 1, and L-Pro in position 1. 

25 (J) 7 n^Tl'> rTn^^'^^^<^CTrTTCTCCTCrCi 1 i i X 1 iCTC 
CTICI ill 1 1 IC TCrCCCTUICTCCTCrCTCccctttctctcctttc 
^rrrrrc^crrCTrrrTTCTrTCC-y (SEQ ID NO:l) 

dD T n^F'^ r^r-rjrrjrrrrrTCTrr^CCJX:n^i 1 1 1 X xCTC 
30 CTiiCl 11 11 IC ICTCCCnCTCTCCrCTCTCccctttctctcctttc 
^rjCTCCTCTCrrrrTTCTrTCC^ (SEQ ID NO:2) 

(DD 5'.BlB2<mCTICCTQKS3]CIjn:i^^ 

crri iLi 1 i 1 ic ncrcccTCTCTCcicrcTCtcttcctttcccctct 

35 ^^r ^r-TTTCCTCTCTCTCmTU QC^^^ (SEQIDN03) 
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(IV) g'-Rll^-rTTTrTTrrTCTCCCTrTTTTCTCCTCTrL.l 1 n 1 iCTC 

Cn lUi i 1 1 1 lC TCTCCCTCTCTCCIXn'CTCtcttcctttC(XCtct 

5 where: Bl=p-Mkleimido<:6H4-(aH2)3-<:(0)l^^^ 
CH[(CH2)4-NH-Biotinl-CH2-0-P02-0-. 

Oligos (I)-(IV) are synthesized on an ABI PCR-mate synthesizer using 
commerciaUy avaUable (Sigma) DMT-O-Me phosphoramidites. The N4-amino group 
of cytidine is protected as the benzoyl derivative. The 5' tenninsl (Bl) and 
1 0 penultimate (B2) phosphoramidites are respectively N-MMT-C6-AminoModifer 
(Qonetech) and Biotin Phosphoramidite (Glen Research) for each oligonucleotide. 
The fully protected O-methyl phosphotriester oligomers are cleaved from the CPG 
support by treatment with concentrated NH4OH at 25 degrees C for 1 hour. The crude 
products are puriHed by affinity chromatography on a monomeric ayidin-agwo^^ ^. 
1 5 column (Pierce), and the full-length material is eluted with 2 mM biotin. The 5'- 
MMT group is removed by treatment with 80% acetic add for 1 hour at 25 degrees C, 
and the solution is evaporated to dryness. The products are dissolved in PBS, pH 8.0, 
and treated with a 50-fold excess of sucdnimidyl 4-(p-maleimidophenyl) butyrate 
(Pierce) in DMF for 30 min. The modified, protected oUgonucleotides are desalted by 
20 RP-HPLC, lyophilized and stored under nitrogen. 

The primers used for PGR and sequencing are prepared in the normal 

fashion and are shown below: 

5* PGR Primer 5*-TGCrCTCGGTGTnTCTCGTGT-3* (corresponds to 

bases 7-28 of SEQ ID N0:1) 
25 3- PGR Primer 5'-Biotin-GGAAAGAAGAGAGAGAGGAGAGG-3' (SEQ 

Step #1 Sequencing Primer 5'-AGAGAGGGGAAAGGAAGA-3' (SEQ ID 
Step #2 Sequencing Primer 5*-AGGAAAGGAGAGAAAGGG-3' (SEQ ID 



IDN05) 



NO:6) 
30 NO:7) 



B. Pf p pflration of G1y4-,lv-L-Ph p-L-Leu Beads Bearing Identifier OUgo (I) 

5 mg of Gly-L-Phe-L-Leu beads are treated with a solution containing 
Fmoc-Gly-OH (99.95 junol), Fmoc-Cys(Npys)-OH (0.05 ^unol, Calbiochem), 
35 ben2otriazol-l-yloxytris-(dimethylamino)phosphonium hexafluorophosphate (100 
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l-hydroxyber^triazole hydras (100 and Wf'^''^'^ 

Zol indiyDMF(lmL)for2hou«. The beads aie washed mtti DMF (2x) and ««n 
^.^Zol (2x and ften Seated wiU> a 10 ™M DTT solution ^ ™*ano^ 30 

5 ^oU2x),peUe.eIandmen^c«dJor20^wi*l^D0Mlofa0.1m^^^^ 
of oUeo 00 in methanol. After washing with methanol (&) and then wiU. DMF {2x), 
ibSis a^deprotected for 20 mi. with 20% piperidine in VME '!f^^^^ 
Z washed with DMF (2x), methanol (2x), and then methylene chlonde (2x) and dned 
at 45 degrees C for 1 hotir. 

TmgofGly^he-L-Leu beads aie treated as in (b) above, substituting 

T«ls tom i) and W P«>led and divided into two equd po*ons. 
one portion is treated as in (b), substituting Fmoc(OtBu)-WyrOH and Obgo (m) as 
appropriate. 

-y «, ppads Be^r^npr Tdentifier 



E T>rop^ ptinn ot f -r'-»-(f^ly/T-Pro^-Gh 

The second pool is treated as before, substituting Fmoc-L-Pro<5H and 
Oligo CIV) as appropriate. 

F Po.^»ctit„rinn ar -^ noprnfprtinn nf the PepfiHe Ubrary 

Beads from (d) and (e) are pooled, and the phosphate, amino acid side- 
chain, and nucleotide exocycUc amino protecting groups are removed as follows. A 
on^ hSur treatment with a 1:2:2 mbcture of thiophenob triethylamine: 
30 followed by washing the beads with methanol (2x) and then methylene 

and then the beads are treated for 5 miru with 95:5 trifluoroacetic aod: eti^dithiol. 
After a wash witii methanol (3x), the beads are treated at 55 degrees C with 1:1 
ethylenediamine: ethanol for 1 hour and then washed first with ethanol (2x) and 
then witii PBS (2x). This collection of beads constitutes the Ubrary and 
35 ^ro^ately equal quantities of the 4 im^^^ 



20 



25 
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and PPGFL. AdditionaUy, each bead carries two distinct 113 bp oUgonudeotide 
sequences encoding the identities of both the first and second amino acids of the 
peptide on that bead. 

5 G. yCR Amplifiratinn of Q ligonudeotT^? THentifier Tag 

After a FAC sort of affinity ptirified beads into individual 0.5 mL 

polypropylene tubes, 25 ^U of TBS containing 0.1 ^ig sahnon sperm DNA (as carrier) 
are added together with 25 jil of 2X PGR Amplification Buffer (PECI) to eadi tube. The 
2X buffer contains: 100 mM KQ; 20 mM Tris-Cl, pH 8.4, 20 degrees C; 6 mM Mga2; 
10 0.4 mM dNTP's; 1 ^lM of 5* PGR primer; 1 of 3' PGR primer; and 100 units/ml Taq 
DNA polymerase. 

After buffer addition, the sample is covered with 50 \il of mineral oil and 
. transferred to an automated thermal cycler. In the thermal cycler, t^^ 
. heat denatured at 95 degrees C for 2 min., and then cyded 35 times through 3 steps: 95 

. 1 5 degrees G/30 sec, 60 degrees C/1 min., 72 degrees G/1 min., whidi steps are followed 
by an incubation at 72 degrees G for an additional 5 min. and then the hibes are cooled 
and held at 15 degrees GuntU ready for processing on streptavidin beads. The 
mixture is heated to 95 degrees C to denature the strands, and the biotinylated purine 
strand and excess 3' PGR primer are removed by addition of streptavidin-coated beads. 
20 Thetubesarecentrihigedatl2Krpmfor5min. The supernatant is used in the 
sequencing reactions, as described below. 

H. gpqiiendn^ o f PC ^ ATr.p| |fi>:.t^ t->li|>onudeotide Tags 

The amplified oligonudeotides from individual bead isolates are 

2 5 sequenced in a pair of reactions (using ddA or ddC as diain terminators) with either 

the Step #l-specific or the Step #2-specific sequencing primers. 

To anneal the template and primer, for each set of two sequencing lanes, 
a single anneaUng and subsequent labeling reaction is run by combining 8.5 nl of 

, , ; sequendng primer (conc= 0.25 pmol/jU), 1.5 ^1 Sequenase^M 5X sequendng buffer 

• 30 (200 mM Tris HGl, pH 7.5; 100 mM MgGl2; and 250 mM NaQ), and 10 ^l of template 

DNA from the amplification supernatant above. The samples are heated for 2 
minutes at 65 degrees G and aUowed to cool slowly to room temperature (approx. 10 
minutes). 

The labeling reaction is performed as follows. Sequenase^" (v2.0) is 

3 5 dUuted 1 : 20 with TE (10 mM Tris HQ, pH 7.5; and 1 mM EDTA), and a labeling 
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coctoil containing a 2 : 35 tatto of diluted enzyme to labeling mix (i.e., a 4 : 2 : 1 
^ of 150 n.^ dGTP, 0.1 M dithio.hrei«,l, alpha-35S<iATP, >1000 Q/mmol) . 
prepaied. About 55 m of die «cktaU are incubated witti 10 (U of annealed 

r The termination reactions aieperfoimed as follows. 6Mloflabelmg 

reaction mixture are added to 5 ^1 of each of tl» appropriate d,«IP te^ 
reactionmixes (i.e., 80 mM dGIP, 80 MM dATP, 50 mM NaQ, and 8 mM ddGTP or 8 
r^TP). After incubation at 37 degrees C for 5 min., about 8 Ml of Sfop Solutron 
^ fomuLde, 20 mM EDTA, 0.05% bromophenol blue, and 0.05% xylene cyanol) 
10 are added to each of the termination reactions. 

The sequencing gel is comprised of 6% total acrylamide (19:1 

acrylamide/bis),a09MTrisbase,0.09Mboricacid,lmMEDrA,and7Ma«^ 
Si Polymerized by addition of 1.9 Ml of 25% ammomum persulfate per ^ and^p 
^of per mL of above gel solution. The gel is allowed to P""^^'^? . , 

L hour and is prerun at least 20 mimites prior to sample loadmg. C3el plates are 
U«n maintained between 40 and 50 degrees Cprfor to and during the run. 

Reactions are heated to 85^5 degrees C for 2 minutes pnor to loadmfr 

and the gel is run until the bromophenol blue dye reaches the bottom of the gel. The 
sequences of interest run between a,e bromophenol and xylene cyanol markers^ 
20 ^tion required to identify the sequence of monomers in tt«=obgomers attached 

to the bead is contained in tiK DNA sequence information. 
EXAMPLES: PARAIXELSVNTHESBOFrePTIDESANDOUGONUCLEOnDE 
TAGS ON CARBOXVL BEADS 

^ -nxe 3XaUyl H^^diisopropyl-phosphora^ucUtes) of S'-DMT denvaUves 
of (1) N6-(aUyloxy)carbonyl-7Kleaza.2'.deoxyadenosiiie; (2) N4KaUyloxy)carbonyl.2 - 
deoxy-cytidine; (3) N2KaUyloxy)carboiiyl-7-deaza-2'-deoxyguanosme; and (4) 

30 J A^..r>,Pm.<^oc.ll2: 1691-1696 (1990), incorporated herein by reference). 

B. p ^^yot^T^n ^ Carhoyy] Beads With ? T^jamipQ We^ 

Preparation of a bifunctional bead material for paraUd synthesis of 



35 



rreparauuii w o . ^ c a c 

peptides and oUgonudeotides is iUustrated in Figure 7. Three M mg aUquots o^ 45 
^diameter polystyrene/polydivinylbenzene/polymedvylmetiucrylate/COOH beads 
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(Bangs' Laboratories) were each placed in a separate microcentrifuge tube and treated 
as foUows. First, the beads were treated with 0.1 N aqueous HCL (3 mL) and stirred by 
vortexing for 15 minutes. The beads were then pelleted with a microcentrifuge, the 
. A'/.M*V» V Uquid supernatant decanted, and the remaining bead pellet successively washefi (by , 
5 vortexing, peUeting, and decanting: a process referred to as "washed") with water (3 x 
1 mL) and dimethylformamide (DMF, 3x1 mL). 

The compounds 2-(lH-benzotria2ol-l-yl)-l,l,3,3-tetramethyluronium 

hexafluorophosphate (HBTU, 38 mg, 0.10 mmol), 1-hydroxybenzotriazole (HOBT, 
15mg, 0,10 mmol), and DMF (0.5 mL) or dichloromethane (0.5 mL) were added to the 

1 0 bead pellet. Diisopropylethylamine piEA, 54 030 mmol) was added, and the . 

suspension was vortexed for 1 min. The compound 4,9-dioxa-l,12-dodecanediamine 
. . , - .: .,(20 ^l,^aO mmol) was tl^^^cted,^^ 

reaction was then dUuted with DMF (1 mL), the beads were pelleted, and the 
supernatant decanted. The pellet was treated with 9:1 DMF/water (1.0 mL) and ^ 

1 5 vortexed for 15 minutes. The beads were then peUeted, the supernatant decanted, and 
the beads washed with DMF (3 x 1.0 mL). 

C Attaching Pep HHp and OUyonudeotide Svnthes}? pfll^^ys 

100 mg of the beads are treated with a mixture of 4-Fmoc-aminobutyric 

2 0 acid (0.1 mmol) and 4-p,p'-dimethoxytrityl (DMT)-hydroxybutyric acid (0.1 jimol) in 

the presence of HBTU (0.1 mmol), HOBt (0.1 mmol), and DIEA (0.1 mmol) in 9:1 
CH2a2:DMF (1.0 mL). After vortex treatment for 30 minutes, the reaction mbcture is 
j.. .. . diluted with DMF (1.0 mL), tiie beads pelleted, and ttie supernatant decanted. The ' 

^ beads are washed with DMF (3 x 1.0 mL). The coupling procedure is then repeated 

2 5 witi\ fresh reagents, and the beads are peUeted and washed as desaibed above. 



D. Rinlriin g a 3' P CR Priming Sitp on thp Hvdroxv LinHefS 

The parallel assembly of oligonudeotide-tagged peptides on beads is 
. illustrated in Figure 8. A PGR priming site of 20-25 nucleotides is assembled as 
30 foUows. Note tixat all reagents used are anhydrous, and reactions occur under an 
atinosphere of dry argon. About 10 mg of the beads are subjected to an eight-step 
reaction sequence to couple a protected phosphoramidite. The reaction steps are: (1) 
beads are washed for 03 minutes with acetonitrile (MeCN); (2) DMT groups are 
removed witti 3% trichloroacetic add in CH2CI2 for 1.5 minute; (3) beads are washed 
3 5 witi\ MeCN for 3 minutes; (4) beads are treated witii 0.1 M phosphoramidite (I, H, m, 
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W, in MeCN co.a^g 0.5 M ^^^^ 
hydrochloride and 1.0 M inddazole for 2 mm.; (5) ^^^dl*" "^T^ 
o'sn^s; (6)beadsa.capped«l*ami^eof A^OA^^^^ 

containing 5% DMAT, ^/joeauD xir«r-Kr Stons one through 

minutes- and (8) beads are washed for 0.5 minutes with MeCN. Steps one tnr g 
minutes, ana \p) uca^ nrimma site of up to 25 

^ are repeated ftom one to 25 times to assemble a ?CR pnming site ° P . 

nucleotides- 

the beads by treatment with 30% pipendme m DMF for 60 mm. me oe 

M mm. and *e bead. a« washed wift DMF (3x) *en w.* MeCN (3x). 



20 



F ^>>^^^»^Hnn nf rift OjiponiirlPOtiHe "CodonI ^ 

" A "codon" of about 3 to 5 nucleotides uniquely representmg the identity 
ofthefirstalraddisthenbuiltatthe.endoftheoHgonudeotided^ 

the 8-step coupling cycle in procedure (d) above. 



^nn" (^onstructioi 



25 app»pria.alLa=idandl.eoadebuUdingb.oc^unm^de3.edpephdea™l 
tte oUgomideoUde coding region are completdy assembled. 

30 nude«ide PGR priming site on tt>e 5' terminus of fte oUgonucleohde chams. 

I p-r-^r-i^ nn nf rt.e niironi.rieoti.1^ ?nd PTtidt Chwa ,„.„„^ 

- The My asse^iled peptide and oUgonudeohde dums /^P"^ 
3S follows The amiL^erminalFmoc groups a«removedby.r«..m«tw..h30^ 
35 ^p^in DMF and then a wash with ™f(3x). To remove the aUyUc proteCmg 
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groups, the beads are treated with a THF solutioi\ cor\taining 
tris(dibenzyUdeneacetone) dipalladium-chloroform complex (0.02 M), 
triphenylphosphine (0.2 M), and 1:1 n-butylamine/formic add (1.2 M) at 50*»C for 30 
min. and the peUeted beads are washed with THF. Th^ are washed, withj)^^^^^^^ 
5 aqueous sodium N,N-diethyldithiocarbamate and then water to remove traces of 
palladium. The amino acid protecting groups are then removed by treatment with 
95:5 TFA/water for 30 min. "Scavenger" reagents such as 1,2-ethanedithiol and^ 
thioanisole may also be included in this acidic deprotection medium (e.g., 2% of each 
by volume). Finally, the fully deprotected beads are washed with aqueous buffer and 
1 0 are ready for interaction with a biological receptor. 

EXAlvIFLE4: LIBRARY PREPARATION AND SCREENING 

In this example, two populations of amine derivatized beads were 
labeled with oUgonucleotides possessing base sequences uniquely characteristic of 

1 5 each bead population. The population labeled with an oUgonudeotde 95 bases in 

length (95 mer) was subsequently coupled to the peptide YGGFL. The population of 
beads labeled with an oUgonudeotide 110 bases in length (110 mer) was coupled to 
phenyalanine (F). The beads were then mixed in the ratio of twenty F/110 mer 
beads for each YGGFL/95 mer bead and stained with a fluorescently labeled antibody 

2 0 3E7 that binds the peptide YGGFL with high affinity. Individual fluorescently 

stained beads could then be sorted by FACS directly into PGR tubes. After PGR, 5 of 6 
fluoresently stained beads gave rise to a fragment of amplified DNA 95 bp long. PGR 
' o/ti\e remaining single bead gave rise to smaU DNA fragments, possibly bei^^ 

primer dimer. 

2 5 The oUgonudeotides used in this experiment are the two tags, two PGR 

primers, and one sequendng primer. The same PGR and sequencing primers were 
used for the two tags. The two tags differ in their sequence and length. Both tags 
were composed of the bases 7-deazaA, G, and T. 
The 95 mer tag has the sequence: 

30 rr A CTC ACT AC r act CTA CTA TAA GGA GGG GTT GGT ATT GCA AAA TTA 
GAA Act tat dc aac tac ate a cac TTA CTC ATG TCT ACA TCT AC (SEQ ID 
NO:8) 

The 110 mer tag has the sequence: 

rr A rrc act AC r f^rr rvA GTA TAA GGG TGC GGT ATT GGA AAA TTA GAT 
35 GGT ATT GGA AAA TTA GAA Ad tat etc aac tac ate tCA CAC JC A CTC ATC TCT 
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ACA TCT AC (SEQ ID NO:9) . 
^each target the underlined sequences represervt PGR primer binding s. es: *e 
^priJis atthe and the anti^e primer is a. the 3'^^ A^, ^ 

'■'' ■'SWt ftTteia caie sequent represents the sequencing pmner bmdrng site.. , ,, 

5 

^"^ "ZlZZ purchased from Bang's Laboratories (979 Keystone Way, 

Carmel IN 46032) and are composed of carboxylated polystyrene (45 Mm average 
Thesebeads«eres«biec.ed.odiaminederivi.i«.tionby.heprocess 

0 'l-^"'^;^^^„„^,„^^^^^X^^oflNHaandv«texed^^ 
™n. The beads were pdleted, decanted, andwashedwith three times (3x) W 
Tof water each wash and then washed 3x with 1.0 mL of DMF ead. wasK To the 
washed pellet was added 2Km*en«miazol-l-yl)-l,l,3>tetramethyluromjm> 

5 HfluiLphosphate (HHTU; 38 mg, 0.1 mmole), l-hydroxybe«o.na»le hydrate 
(HOOT; IS mg, 0.1 mmole), 500 |iL of methjdene chloride, and 54 tiL of 

^p^pyle^ylamine (DIEA; 03 mmole). After vertex 
of (4,9^oxa-l,12Klodecanediamine; 94 pmole) were added. Ato vo«ex 

tteatment for 30 min, 1.0 mL of DMF was added, and the beads were pelleted by 
ZO !^^tion.^hesupematantwas^»oved,andl.OmLoflO%watermD^^ 
The beads were vortexed an additional 15 mir. and finaUy washed 3x 
with 1.0 mL of DMF each wash. 

B nii »nniicle "'i'^° Attachment 
„ ■ Two different target oUgonucleotides were employed m this 

experiment: a 95 mer and a 110 mer. These oUgonudeotides were composed of the 
Ses cytidine, thymidine, and 7^ aden^ine. Tbe ^d"*"*- 
synthXd with a primary amino g»up on the 5'.termim.s (5'-anuno modAer C 

XcaenRes^). ^y-P^'>^i^^^'^^T::^lfo2U 
30 of 05 M N^phosphate, pH 7.7, »>d the soluUon was trea«d with ^<>^'J^ 

disucdnimydylsuberate (DSS). The reaction proceeded 10 m>r., and '^"'^f 
ice<old water were added. Unreacted DSS was removed by cenlrifugation. The 

was passed through a G25 spin column that had been eqt^^ted wtth 
water. The eluant was immediately frozen and lyophilized to isolate the 5 -N- 
3 5 hydroxysucdnamide ester of the oUgonudeotide. 
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This activated oUgonudeotide was dissolved in 50 \iL of 0.1 M Na- 
phosphate, pH 7.5, which contained 0.1 mg/mL of sonicated sahnon sperm DNA. 
Ihis solution was added to 10 mg of diamine derivitized beads. After vortex 
tt^at^eiif for 3 hr., the beads were washed 2x with 0.4 mL of .0.1 HNa-ptosphat^, 
pH 7.5, each wash, and tiien washed^2x with 0.4 mL of 0.1 N NaOH. Finally, the 
beads were washed with 3x witii 0.4 mL of pH 7.5 buffer. 

C pop^H^ Attachment 

To Boc-YGGFL or Boc-Phe (Boc = t-butoxy-carbonyl anune protecting 
group; 0.1 mmole) was added HBTU (0.1 mmole), HOBT (0.1 mmole), 1.0 mL of 10% 
DMF in metiiylene chloride, and DIEA (0.3 mmole). After vortex tireatinent to 
dissolve the solids, 0.4 mL of the peptide solution was added to 3 mg of 
oligonucleotide-labeled beads. The solution containing Boc-YCXM. was added to 
beads labeled witii the 95 mer, and tiie solution containing Boc-Phe was added to 
beads labeled witii tiie 110 mer. The reaction mbctuies were vortexed 30 min. and 
tiien diluted witii DMF, centrifuged, decanted, and the bead pellets washed with 3x 
witii 1.0 mL of THF. The Boc protecting groups were removed by tireating tiie beads 
witii 0.4 mL of 95% tiifluoroacetic acid for 10 min. The deprotection reaction was 
tiien diluted witii THF, centrifuged, and decanted, and tiie beads were washed witii 
3x witii 1.0 mL of DMF each wash. Finally, tiie beads were washed witii 3x witii 0.5 
mL of 0.1 M Na-phosphate, pH 7.5, each wash and stored as a slurry (10 mg/mL). 

D. MiY^^g Staining, and Sorting 

The beads coupled witii tiie 95 mer and YGGFL were mixed witii tiie 
beads tiiat were coupled to tiie 110 mer and F in tiie ratio of 1:20. Thus, 0.1 mg of 95 
mer/YGGFL beads (2 miUion beads) were mixed witii 2.0 mg of tiie 110 mer/Phe 
beads (40 miUion beads). The mbctiire was suspended in blocking buffer (PBS, 1% 
BSA, and 0.05% Tween-20) and incubated at room temperahire for 1 hr. The beads 
- were next pelleted by centrifugation and resuspended in a solution of an FTTC- 
labeled monoclonal antibody 3E7 tiiat binds tiie peptide YGGFL (1 ^g/mL). The 
suspension was incubated 0.5 hr on ice and tiien centiifuged to isolate tiie bead 
pellet. 

The beads were resuspended in PBS for deUvery into tiie fluorescence 
activated cell sorting (FACS) instrument (Becton Dickinson FACSORT Plus). Beads 
tiiat had bound to tiie fluorescentiy labeled antibody were identified by ttieir 
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.Cui^d fluorescence, and fluo^sc^beads we. isolaH>dby -^l^^^' 

oi. .en, » one h«.dred fluorescent beads were ""'-l 

analogous manner, non-fluorescent beads were also sorted into PCR tubes. 

ToeachPCRt«becontainingabeadorbeadsw«added^Ml.^K^^^ 
buffer (20 mM Tris-HQ, pH S.7; 10 mM KCL; 10 mM (NH4)2S04; 2 "^^^ * 
X-IOD- 0 14 mg/mL BSA; 200,im dATP; 200 Mm dGIP; 200 ^ dCIP; 200 m 
^^Z'X^^ 2 Mmprimer «; «.d03 units of E£>L ^.NA POlym^^ 
S^l^L subjected to 40 cydes of 95-C for 03 min., 55-C for 1 mm., and 72 C 



10 

for 1 min. 



Gel loading dye (2 ^L) was added to 10 of each PCR and the sa^e 
was runona 2% low melting pcWagarase get DNA frago^ts ^-^^^ 
ILtaK with eflddium bromide and exposure to UV U^t Rve of s« of the tubes 
tS SrlglefiourescentbeadsgaverisetoDNAira^entsSSb^pa^" 
^X^nfir-Sng that these beads were coupled to YGGH. and r^^ 

10 or MO fluorescent beads also gave rise to 9S mer ^NA tagme^^ 
none of the tubes containing 1, 10, or 100 non-fluorescent beads gave nse 

20 - " were, however, anomalous ampUfication products small« than 
110 bp from amplification of the tags of non-fluores^nt beads. 
pi^^mayhTve arisen through the use of unprotected oUgonudeohde Ugsm 
^Inplef which may have aUowed the ftee e».cydic amines F 
amino add, thereby rendering the tag subject to anomalous «»Pf """"-^ 

25 ^lem w;uld not have affected the 95 mer tag to the same extent, because VGGFL 
would be less reactive with the exocydic amines than F. 

EXAMPLE 5: UBRARV SYNTHESIS AND SCREENING 
. .,.,.5^^ TWsexampIeisiUu»tratedsd«maticallytaHgu«=9. Briefly, a smgle 

30 population of amine derivatized beads (prepared as ^^'-^^^^^^^ 
Lupled to glydne. The population was then divided into two ejjual P»^'.^^* 
It was labded with a d.aracterisac oUgonudeotide that would umquely identify 
L bead subpopulatioa Tl« subpopulation that '■f 
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trie DcaU aUUUV^L/*jui,»iJ.w*** ^ 

oUeonudeotde 95 bases in ler.gth (the 95 mer described in Example 4) was 
ougonucieuiw I The DODulation of beads that had been 

subsequently coupled to the peptide YGGFL. ine popuiauui 
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l«h.l.d with an oligonucleotide 110 bases in length (the 110 mer described in 
mixed in the ratto of twenty FLFLF/110 mer beads for each YGGFL/95 mer Deaa v 
. YGGFl with high affinity. Individual fluorescenllystamed beads and 

Sbeads gave rise to a fragment of amplified DNA 95 base pa^m length, and 
all the unstained beads gave rise to a fragment 110 base paus mlength. 

^up;0.1mmo.,wasa™^.J^^H^^^^^^ 
DMF in methylene chlonde, and DIEA (0.d mmoie;. rux ,^{^ 
^ive the Ilids. 0.4 mL of the solution containing the activated ammo aad was 
, « ^ Z of diamine derivati^d beads. Tl» reaction mixture was vortexed 30 

nvicewithLOmLofDMF. Il« coupling reaction was then repeated. Tl«tead5 
Xe then treated with 1.0 mL of 30% piperidine in DMF wth vorh«mg for 1 hr. to 
deprotect the glycine amino group. 

20 

B. nji.w.nnrieotirf'- T.abeling 

Two different target oUgonudeotides were employed m Uus 

Ix^e^ tt» 95 mer and 110 mer described in Example 4. Half of 
sample described above (25 mg) was labeled with the 95 mer, ""j^^;^^, 
2 5 labeted with the 110 mer. These oUgonudeotides are composed of 2 -deoxy q^hctoe, 
r.^l^ ,and2W7^eaza.adenosine. Tl^ oUgonudeotides were synthesized 
rfrilrv amino group on the 5-terminus (MKTr-CU-AminomodiHer, 

ao^r^b— U tyophiU^d oUgonudeotide (1.5 nm^e, was ^olved 
. °r,L of 0.5 MNa-phosphate,pH 7.7. and the solution was th^ tr^tedw^^^^^ 

30 at of 05 M disucdnimydylsuberate (DSS). The reachon proceeded 10 mm., and 
fte^ 70 uL of iceK»ld water were added. Unreacted DSS was removed by 
^g^ul^supematan. was passed tl^ugh a 0-25 spin co,»m thatl«,d 
^riibrated with water. The eluant was immediately fcoz^ ^^"^^ 
r^olal the S'-N-hydroxysucdnamide ester of the oUgonudeohd. 

35 OUgonudeotide was dissolved in 100 of 0.1 M Na-phosphate, pH 7.5, whrd. 
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25 mg of glyctae<oupled beads. After vortex treatment for 3 hr., the beads w«e 
wa^d t^« With 0.4 ^ of 0.1 M Na-phosphate. pH 73. ar,d 
'aiNNadKlruaW 
buffer. 

" ^^''^ie^:^^B<,^H-^(Bcc = t.butoxy.arbo„yi^^^^^ 
eroup- 0 02 nunole) was added HWU (0.02 nunote), HOBT (0.02 mmole). 0J90 nJ. 

DMpTmethylene chloride, ar,d DIEA (0.06 mmole). After vortextreahner* 
t dL»^fl>"soUds'th. solution was diluted ten-fold in 10% in methykne 
An anquot of .bis solution (0345 mL) was added to me Siy--^'^ 
and oUgonudeodde-labeled beads (25 mg). The solubon con^ ^T^JT 
added I beads labeled with the 95 mer, and the soMon contammg ^'^^ 
!dd!d to beads Ubeled with the 110 mer. The reaction mixtures were vortexed 30 

With DMF. centrifuged. daunted, and the bead pell«^ washed 
U^timeswithLOmLofTHF. The Boc protecting groups were removed by 
treating the beads with 0.4 mL of 95% trifluonjacetic add for 10 mm. TOe 

Action was then dilated with THF, centrifuged, decanted, and fte 
SS^ ^ times with 1.0 mL of DMF. FmaUy, the beads were w»hed three 
mL of 0.1 M Na-phcsph^te, pH 73, and stored as a slurry (10 mg/mL). 

The beads a,upled to toe 110 mer and FLOF were m«ed with *e 
beads that were coupled to the 95 mer «wl YGGFL in the ratio of 20.1.^us, 0.1 mg 
of 95 mer/YGGFL beads (2 million beads) were mixed with 20 mg of the 110 
rXSds(40mimonbeads). The mixhare was suspended In blodc^b^r 

(PBS, 1% BSA, 0.05% TWee.v.20) and incubated a. room lemperah« ^^'f^^, 

labeled monodonal antibody (3E7) that recognizes the pephde ^^^^^ 
(.g/mL). The suspension was incubated 05 hr. on ice and then centr^iged to folate 

^ bead pelle^ ^ ^ ^^^^ ^ ^^^^^ ^ g 

activated ceU sorting (FACS) instrument (Becton ^^"^J^'^J^ 
that had bound to fte fluorescently labeled antibody were xdenhBed by ttieir 
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acquired fluorescence (see Figure 10), and homogeneous samples of either 
fluorescent or non-fluorescent beads were isolated by sorting into PGR tubes. One, 
ten, or one hundred beads of each type were sorted into each PGR tube. 

E PTR nf Crfirted Beads 

To each PGR tube containing a bead, or beads, was added 25 ^lL of PGR 
mix (20 mM Tris-HGl, pH 8.7, 10 mM KGL, 10 mM (NH4)2S04, 2 mM MgGl2, 0.1% 
Triton X-100, 0.U mg/mL BSA, 200 mM dATP, 200 \M dCTP, 200 uM dCTP, 200 mM 
dTIP, 2 MM of each primer (as described in Example 4), and 0.5 units of Efu DNA 
polymerase). Reactions were subjected to 40 cycles of 95«>C for 0.5 min., 55"G for 1 
min., and 7T>C for 1 min. Gel loading dye (2 nD was added to 10 nL of each PGR and 
the sample run on a 2% low melting point agarose gel. DNA fragments were 
visualized by staining with ethidium bromide and exposure to UV Ught Six single 
bead samples, three 10 bead samples, and three 100 bead samples were amplified 
from both the fluorescent and non-fluorescent populations. All the bead samples 
from the flourescent population produced only DNA fragments 95 base pairs in 
length, and all the samples from the non-fluorescent population produced only 
fragments 110 base pairs in length (see Figure 11). 
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SEQUENCE LISTING 



(1) GENERAL INFOBMATION: 

APPLICANT: DOWER, WILLIAM J 
(i) APPl.xua« g^^jjjjg^^ RONALD W 

GALLOP, HARK A 
NEEDELS, MICHAEL C 

Mi) TI1I.E OF invention: METHOD OF SYNTHESIZING DIVERSE 
^^^^ COLLECTIONS OF OLIGOMERS 

(iii) NUMBER OF SEQUENCES; 16 

(C) CITY: SAN FRANCISCO 

(D) STATE: CALIFORNIA 

(E) COUNTRY: USA 

(F) ZIPS 94105 

fv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy difJ?^, 

COMPUTER: IBM PC conpatible 
? SSSlNG system: PC-DOS/MS-DOS 
(D) software: Patentin Release #1.0, Version 

fvii CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(c) classification: 

rviii) ATTORNEY/AGENT INFORMATION: 
(vxii) smith, William M. 

(B) REGISTRATION NUMBER: 30,223 
V .r . (c) REFERENCE/DOCKET NUMBER: 11509-36 1 

(ix) TELECOMMUNICATION INFORMATION: 
^ (A) TELEPHONE: 415-543-9600 

(B) TELEFAX: 415-543-5043 
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(2) INFORMATION FOR SEQ ID N0:1: 

^^f^^^^m^Sf^0^ ' CHARACTERISTICS t^^^i^^^^^^J- ■ 

(A) LENGTH: 111 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 
CTTTCTTCCT CTCCCTCTTT TCTCCTCTCT TTTTTTCTCC TTCTTTTTTT CTCTCCCTCT 
CTCCTCTCTC CCCTTTCTCT CCTTTCCTCC TCTCCTCTCT CTCTTCTTTC C 111 



60 



(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 111 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
CTTTCTTCCT CTCCCTCTTT TCTCCTCTTC TTTTTTCTCC TTTCTTTTTT CTCTCCCTCT 60 
CTCCTCTCTC CCCTTTCTCT CCTTTCCTCC TCTCCTCTCT CTCTTCTTTC C HI 

(2) INFORMATION FOR SEQ ID NO: 3: 

CHARACTERISTICS: 

(A) LENGTH: 115 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
CTTTCTTCCT CTCCCTCTTT TCTCCTCTTT CTTTTTCTCC TTTTCTTTTT CTCTCCCTCT 60 
CTCCTCTCTC TCTTCCTTTC CCCTCTCTCT CTCCTCTCCT CTCTCTCTTC TTTCC 115 
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(2) INFOPMATION FOR SEQ ID NO: 4: 

m sEQtJENCE CH»BACTER1STICS: - . _ . 

(A) LENGTH: 115 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: CDNA 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:4: 
cmCTTCCT CXCCCtCTTT TCTC«=TT= TTTTTTCTCC TTTCm " 
CXCCICTCIC TCriCCmC CCCICTCrCI CTCCTCTOCr CTCTCTCTTC ^ 



(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:5: 

23 

GGAAAGAAGA GAGAGAGGAG AGG 

(2) INFORMATION FOR SEQ ID NO: 6: 

fi^ SEQUENCE CHARACTERISTICS: 
- (A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
AGAGAGGGGA AAGGAAGA 
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(2) INFORMATION FOR SEQ ID NO: 7: 

'^^^ =^ ^ (1)' SEQUENCE ^C^^ 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

is 

AGGAAA66AG AGAAA6GG 

(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 95 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 
CCACTCACTA CCACTCTACT ATAACCACCC CTTCCTATTC CAAAATTACA AACTTATCTC 60 
AACTACATCT CACACTCACT CATCTCTACA TCTAC ®^ 

(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

■ (A) LENGTH: 110 base pairs - < 

. .. . ^ , x . (B) TYPE: nucleic acid .. ; 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECtJLE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 
CCACTCACTA CCACTCTACT ATAACCCTCC CCTATTCCAA AATTACATCC TATTCCAAAA 60 
TTACAAACTT ATCTCAACTA CATCTCACAC TCACTCATCT CTACATCTAC HO 
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(2) INPORMATION FOR SEQ ID NO: 10: 

tL\ SEQUENCE CHARACTERISTICS. 

(A) LENGTH: 4 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECOLE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10: 

Gly Gly Phe Leu 
1 

(2) INFORMATION FOR SEQ ID NO: 11: 

fi^ SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 4 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
• (Xi) SEQUENCE DESCRIPTION: SEQ ID NO:ll: 

Pro Gly Pbe Leu 
1 

(2) INFORMATION FOR SEQ ID NO: 12: 

fil SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acxds 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

y^^r^,,<:v ^^v^5 (ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:12: 

Tyr Gly Gly Phe Leu 
1 ^ 
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(2) INFORMATION FOR SEQ ID NO: 13: 

^ • (1) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

Tyr Pro Gly Phe Leu 
1 5 



(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 

Pro Gly Gly Phe Leu 
1 5 



(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

Pro Pro Gly Phe Leu 
1 5 
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(2) INFORMATION FOR SEQ ID NO: 16: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 

Phe Leu Phe Leu Phe 
1 5 
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WE CLAIM: 

1. A synthetic oUgomer Hbrary comprising a pluraUty of different 
members, each member comprising an oUgomer composed of a sequence of 

^*?t - = M^5*»^* to one or more identifier tags Weirtifyinig,^^^ 

monomers in said oligomer. 

2. The Ubrary of daim 1, wherein said linkage between said oligomer 
and said identifier tag comprises a soUd support 

^ ° 3 Tbe Ubrary of daim 2, wherein said linkage between said oUgomer 

and said identifier tag comprises a Unker between said identifier tag and said soUd 
support and a Unker between said soUd support and said oUgomer. 

^5 4. Tlie Ubrary of d^ 1, wherein said Unkage between said oUgomer 

and said identifier tag comprises a Unker between said oUgomer and said identifier 
tag. 

5 The Ubrary of daim 2, wherein said Unkage between said oUgomer 
20 and said identifier tag comprises a Unker joining said oUgomer and said identifier tag 

to which Unker said soUd support is also joined. 

6 The Ubrary of daim 1, wherein said Unker comprises a first bead 
Unked to a second bead, wherein said oUgomer is attadied to tiie first bead and said 

2 5 identifier tag is attached to ihe second bead. 

7. The Ubrary of daim 1, wherein said identifier tag is attached to 
said oUgomer. 

3 Q 8. The Ubrary of daim 1 tiiat has about 106 different members. 

9. The Ubrary of daim 1, wherein said oUgomer is a peptide. 

10. The Ubrary of daim 1, wherein said identifier tag is a fluorescent 

35 marker. 
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an 



15 

mcmomer; 



11. The library of daim 1, wherein said identifier tag is 
oligonucleotide. 

12. The library of daim 2, wherein: 

ii) the oligomer is a peptide; and 
iu) the identifier tag is an oUgonudeotide. 

13 Asyn&eticoUgomerlibraryproducedbysynthesizingoneachof. 

compristagftest^s^ofc ,ppcrt»i^ said supports among a pluraUty of «acdon 
b) exposix^saidsupportsineachreactionvessdtoafirst 

pooling said supports; . 

d) ^^ImngsaidsupportsamongapWofteactton 

e) exposing said supports in each reaction vessel to a seamd 
monomer; and angst«ps a) though e)f«.m at least one to twenty 

times. 

14 AtaggedsyntheticoUgomerlibraryproducedbysynthesi^ngon 
h f^nJitv of soS supports a single oligomer sequence and one or more 

Z^Z^ f r r 

— J; ^^^^r P« of reaction 

30 vessels; :« «iartion vessel to a first 

b) exposing said supports meadi reaction vebbtu 

oUgomer monomer and to a first identifier tag; 

c) pooling said supports; 

d) apportioning said supports among a pluraUty of reaclKm 

35 vessels; 



vessels; 
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e) exposing said supports to a second oUgomer monomer and 

to a second identifier tag monomer; and 

f) repeating steps a) through e) from at least one to twenty 

times/ 

15. The library of daim 14, wherein said oligomer sequence is a 
peptide, and said identifier tag is an oUgonudeotide. 

16. The library of claim 15, wherein said identifier tag comprises 
purine analog bases. 

17. The Ubrary of daim 14, wherein said oUgomer is deaved from the 
solid support after completion of oligomer synthesis. 

18. A method of preparing a tagged synthetic oUgomer library 
comprising a pluraUty of different members, eadi member comprising a soUd support 
having attached a single oUgomer sequence and one or more identifier tags 
identifying said oUgomer sequence, said method comprising the steps of. 

a) apportioning said supports among a pluraUty of reaction 

vessels; 

b) reacting said supports in each reaction vessel with a first 

oUgomer monomer; 

c) reacting said supports in each reaction vessel ^\ith a first 

identifier tag; 

d) pooling said supports; 

e) apportioning said pooled supports among a pluraUty of 

reaction vessels; 

f) reacting said pooled supports in each reaction vessel witii a 

second oUgomer monomer; 

g) reacting said pooled supports in each reaction vessd witii a 

second identifier tag; and 

h) repeating steps a) through g) from at least one to twenty 

times. 

19. The method of claim 18 wherein said soUd supports in each 
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reaction vessel are reacted first with said identifier tag and then with said oUgomer 
monomer. 

20. A soUd support comprising a first particle attached « a 6e«nd 

W^!^^^^'^'paHid^liiil«ed to anoUgomec.a^ 

£^"tde,a^d wherein said OUgomer is other tiun an oUgonude^^^^ 

21 A oeawd of recording each step in a sequence of oUgomer 

additions in the synthesis of an oUgomer library, the method compr^ 
,n identifier tag in conjunction with the addition of each monomer, and 

of identifier tags identifying said oUgomer sequence. 

XL The method of claim 21, wherein said identifier tag monomer is a 

1 5 fluorescent marker. 

23. The method of daim 21. wherein said identifier tag monomer is a 

nucleotide or oligonucleotide. 

24. The method of claim 23, wherein said oUgomer monomer is an 
amino add, peptide, or combination thereof. 

25 The method of daim 24, further comprising the steps of 
amplifying said identifier tag sequence, thereby forming an amplified identifier tag; 

25 and sequendng said amplified identifier tag. 

26 The method of daim 21,wherein after the addition of a first 
identifier tag, subsequent identifier tags are attadved to the terminus of a preexistmg 
tag. 

^° ..... 27. A method of synthesizing a peptide and an oUgonudeotide on a 

soUd support, said method comprising: 

a) preparing a bifunctionalsoUd support contauung a first type of 

active siteblodcedwithafirst type of protecting group andasecond type of adive site 
3 5 blocked with a second type of protecting group; 
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b) reacting said soUd support with an activator to remove said first 
type of protecting group thereby exposing said first type of active site; 

c) coupling an oUgonudeotide monomer or an oUgonudeotide to 

said first type of active site; 

second type of protecting group thereby exposing said second type of active site; 

e) coupling a peptide monomer or peptide to said second type of 

active site; and 

f) repeating steps (b) through (e) from one to twenty tmies. 

10 

28. Hie method of daun 27, wherein said soUd support comprises 
polystyrene/polydivinylbenzene/polymethyhnethacrylate COOH beads. 

29. The method of daim 27, wherein said bifunctional soUd support 

1 5 contains an amine active site and a hydroxyl active site. 

30. The method of daim 27, where said bifunctional soUd support is 

' produced by: 

(a) derivatizing polystyrene/polydivinylbenzene/ 

20 polymethylmethacrylate COOH beads with a 4,9-dioxa-l,12-dodecanediamine link«; 

(b) b-eating said beads with 4-Fmoc-aminobutyric add and 4-p,p'- 
dimethoxytrityl-hydroxybutyric add in tiie presence of HBTU, HOBt and DIEA. 

31 The method of daim 27, wherein said oUgonudeotide is 

2 5 assembled using 3HaUyl N,N'-diisopropyl.phosphoramidites) of S'-DMT derivatives 

of: 

(a) N6-(aUyloxy)carbonyl-7-deaza-2'deoxyadenosme; 

(b) N4-(allyloxy)carbonyl-2'deoxycytidine; 

(c) N2.<allyloxy)carbonyl-7-deaza-2'deoxyguanosine; and 

30 (d) thymidine. 

32. The metiiod of daim 27, wherein said oUgonudeotide is 
assembled using photodiemicaUy removable protecting groups on said nudeotides. 
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